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NOTICE 


The example of an applied circuit or combination with other 
equipment shown herein indicates characteristics and per- 


formance of a semiconductor-applied products. The Company © 
shall assume no responsibility for any problem involving a 
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PACKAGING INFORMATION 


M PACKAGE INFORMATION 


The Hitachi LCD driver devices use plastic flat packages to make more compact 
the equipment in which they are incorporated and provide higher density mount- 
ing by utilizing the features of their thin liquid crystal display elements. 
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__ BEMARKING 


™yere are two kinds of marking of the Hitachi LCD driver devices: the one 


wath a standard type No. and the other with a ROM code. The: type No. 2 with | 
a ROM code is applied to the HD61830 and LCD Li (HD44 780). 
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RELIABILITY AND QUALITY ASSURANCE 


T. VIEWS ON QUALITY AND RELIABILITY 


Basic views vou quality in Hitachi are to meet individual user's purchase 
purpose and quality required, and to be at the satisfied quality level con- 
sidering general marketability. Quality required by users is specifically 
clear if the contract specification is provided. If not, quality required is 
not always definite. In both cases, efforts are made to assure the reliabi- 
lity so that semiconductor devices delivered can perform thetr abtlity in 
actual operating circumstances. To realize such quality in manufacturing 
process, the key points should be to establish quality control system in the 


process and to enhance moral for quality. 


In addition, quality required by users on semiconductor devices is going 
toward higher level as performance of electronic system in the market is 
going toward higher one and is expanding stze and application fields. To 


cover the situation, actual bases Hitachi is performing is as follows; 


(1) Build the reliability in design at the stage of new product development. 
(2) Build the quality at the sources of manufacturing process. 


(3) Execute the harder inspection and reliab&lity confirmation of final 


products. 
(4) Make quality level higher with field data feed back. 


(5S) Cooperate with research laboratories for higher quality and reliability. 


With the views and methods mentioned above, utmost efforts are made for users’ 


requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR DEVICES 


2.1 Reliability Targets 


Reliability target is the important factor in manufacture and sales as well 
as performance and price. It is not practical to rate reliability target 
with failure rate at the certain common test condition. The reliability 
target is determined corresponding to character of equipments taking design, 
Manufacture, inner process quality control, screening and test method, etc. 


into consideration, and considering operating circumstances of equipments the 


semiconductor device used in, reliability target of system, derating applied | 


in design, operating condition, maintenance, etc. 


2.2 Reliability Design 
To achieve the reliability required based on reliability targets, timely study 


and execution of design standardization, device design (including process 


design, structure design), design review, reliability test are essential. 


(1) Design Standardization 


Establishment of design rule, and standardization of parts, material and 
process are necessary. As for design rule, critical items on quality 
and reliability are always studied at circuit design, device design, 
layout design, etc. Therefore, as long as standardized process, mate- 
rial, etc. are used, reliability risk is extremely small even in new 

| development devices, only except for in the case special requirements 


in function needed. 


(2) Device Design 
It is important for device design to consider total balance of process 


design, structure design, circuit and layout design. Especially in the 


case new process and new material are employed, technical study is deeply 


executed prior to device development. 


(3) Reliability Evaluation by Test Site 


Test site is sometimes called Test Pattern. It is useful method for 
design and process reliability evaluation of IC and LSI which have com- 


plicated functions. 


1. Purposes of Test Site are as follows; 
* Making clear about fundamental failure mode 


* Analysis of relation between failure mode and manufacturing process 


condition 
° Search for failure mechanism analysis 


* Establishment of QC point in manufacturing 


ase 
Tg Be 


2.” Effectiveness of evaluation by Test Site are as follows; 


* Common fundamental failure mode and failure mechanism in devices can 


* Factors dominating failure mode can be picked up, and comparison can be 


made with process having been experienced in field. 


* Able to analyze relation between failure causes and manufacturing 


factors. 
* Easy to run tests. 


etc. 


2.3 Design Review 


Design review is organized method to confirm that design satisfies the per- 
formance required including users' and design work follows the specified ways, 
and whether or not technical improved items accumulated in test data of in- 
dividual major fields and field data are effectively built in. In addition, 
from the standpoint of enhancement of competitive power of products, the 
major purpose of design review is to ensure quality and reliability of the 
products. In Hitachi, design review is performed from the planning stage for 
new products and even for design changed products. Items discussed and de- 


termined at design review are as foktlows; 
(1) Description of the products based on specified design documents. 


(2) From the standpoint of specialty of individual participants, design 
documents are studied, and if unclear matter is found, sub-program of 


calculation, experiments, investigation, etc. will be carried out. 


(3) Determine contents of reliability and methods, etc. based on design 


document and drawing. 
(4) Check process ability of manufacturing line to achieve design goal. 
(S) Discussion about preparation for production. 


(6) Planning and execution of sub-programs for design change proposed by 
individual specialist, and for tests, experiments and calculation to 


confirm the design change. 


(7) Reference of past failure experiences with similar devices, confirmation 
of method to prevent them, and planning and execution of test program 
for confirmation of them. These studies and decisions are made using 


check lists made individually depending on the objects. 


3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as follows; 


(1) Problems in individual process should be solved in the process. There- 


fore, at final product stage, the potential failure factors have been 


already removed. 


(2) Feedback of information should be made to ensure satisfied level of 


process ability. 


(3) To assure reliability required as an result of the things mentioned 


above is the purpose of quality assurance. 


The followings are regarding device design, quality approval at mass produc- 


tion, inner process quality control, product inspection and reliability tests. 


3.2 Quality Approval 


To ensure quality and reliability required, quality approval is carried out 


at trial production stage of device design and mass production stage based on 


reliability design described at section 2. 
The views on quality approval are as follows; 


(1) The third party performs approval objectively from the standpoint of 


customers. 
(2) Fully consider past failure experiences and information from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on paves material and process. 


(5) Study process ability and fluctuation factor, and set up control points 


at mass production stage. 


Considering the views mentioned above, quality approval shown in Fig. 1 is 


performed. 


3.3 Quality and Reliability Control at Mass Production 


For quality assurance of products in mass production, quality control is 
executed with organic division of functions in manufacturing department, 
“quality assurance department, which are major, and other departments related. 
The total function flow is shown in Fig. 2. The main points are described 


below, 


3.3.1 Quality Control of Parts and Material 


As the performance and the reliability of semiconductor devices are getting 
higher, importance is increasing in quality control of material and parts, 
which are crystal, lead frame, fine wire for wire bonding, package, to build 
products, and materials needed in manufacturing process, which are mask pat-— 
tern and chemicals. Besides quality approval on parts and materials stated 
in section 3.2, the incoming inspection is, also, key in quality control of 
parts and materkals. The incoming inspection is performed based on incoming 
inspection specification following purchase specification and drawing, and 

sampling inspection is executed based on MIL-STD-105D mainly. 


The other activities of quality assurance are as follows: 
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Process Check same as 
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| Quality Approval (2) 


Fig. 1 Flow Chart of Quality. Avoroval 


(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of outside vendors 
G3) Physical chemical analysis and test 


The typical check points of parts and materials are shown in Table l. 


3.3.2 Inner Process Quality Control 


Inner process quality control is performing very iuporvant function in quality 
assurance of semiconductor devices. The following is description about con- 
trol of semi-final products, final products, manufacturing facilities, measur- 
ing equipments, circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding-to the manufacturing 


- process. 


(1) Quality Control of Semi-final Products and Final Products 


Potential failure factors of semiconductor deviews should be Penowed 
preventively in manufacturing process. To achieve it, check points are 
set-up in each process, and products which have potential failure factor 
are not transfer to the next process. Especially, for high reliability 
semiconductor devices, manufacturing line is rigidly selected, and the 

| quality control in the manufacturing process is tightly executed - 
rigid check in each process and each lot, 100% inspection in appropriate 
ways to remove failure factor caused by manufacturing fluctuation, and 
execution of screening needed, such as high temperature aging and tem- 

- perature cycling. Contents of inner process quality control are as 


follows; 


* Condition control on individual equipments and workers, and sampling 


check of semifinal products. 
. preponal and carrying-out improvement of work 
* Education of workers 
¢ Maintenance and improvement of yield 
¢ Picking-up of quality problems, and execution of counter-measures 


* Transmission of information about quality 


(2) Quality AURORE ene aac Cn eas vse and Measuring Equipment 


Equipments for manufacturing semiconductor devices have been developing 


Lough Si taenddnantlac. with, -necessary, igh performance devices and Amprovement 








of production, and are important factors to determine quality and re- 
liability. In Hitachi, automatization of manufacturing equipments are 
promoted to improve manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments and perform the 
proper function. As for maintenance inspection for quality control, 
there are daily inspection which is performed daily based on specifica- 
tion related, and periodical inspection which is performed periodically. 
At the inspection, inspection points listed in the specification are 


checked one by one not to make any omission. As for adjustment and 
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Fig. 2 Flow Chart of Quality Control in Manuf 


acturina Process 


are at 


(3) 


maintenance of measuring equipments, maintenance number, specification 


are checked one by one to maintain and improve quality. _ 


Quality Control of Manufacturing Circumstances and Submaterials 


Quality and reliability of semico.ductur device is highly affected by 


manufacturing process. Therefore, the controls of manufacturing circum- 


stances - temperature, humidity, dust - and the control of submaterials 


~- gas, pure water - used in manufacturing process are intensively 


executed. Dust control is described in more detail below. 


Dust control is essential to realize higher integration and higher re- 


liability of devices. In Hitachi, maintenance and improvement of clean- 


ness in manufacturing site are executed with paying intensive attention 


on buildings, facilities, airconditioning systems, materials delivered-. 
in, clothes, work, etc., and periodical inspecticn 9 floating dust in 


room, falling dusts and dirtiness of floor. 


3.3.3 Final Product Inspection and Reliability Assurance 


(1) 


(2) 


Final Product Inspection 


Lot inspection is done by quality assurance department for products which 
were judged as good products in 100% test, which is final process in 
manufacturing department. Though 100% of good products is expected, 
sampling inspection is executed to prevent mixture of failed products by 
mistake of work, etc. The inspection is executed not only to confirm 
that the products meet users' requirement, but to consider potential 


factors. Lot inspection is executed based on MIL-STD-105D. 


Reliability Assurance Tests 


To assure reliability of semiconductor devices, periodical reliability 
tests and reliability tests on individual manufacturing lot required by 


user are performed. 


Tabte 1 Quality Control Check Points of Material and Parts 
(Example) 
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Fig. 3 Example of Inner Process Quality Control 
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RELIABILITY TEST DATA OF LCD DRIVERS 


|. INTRODUCTION 


The use of liquid crystal displays with microcomputer application systems has 
been increasing, because of their merits such as low power consumption, | 


freedom in display pattern design, and thin shape. Low power consumption 
and high density packaging have been achieved through the use of the CMOS 


process and the flat plastic packages, respectively. 


This chapter describes reliability and quality assurance data for Hitachi LCD 


driver LSkIs based on test data and failure analysis results. 


2. CHIP AND PACKAGE STRUCTURE 


Hitachi LCD driver LSI family are produced in low power CMOS technology and 
flat plastic package. Si-gate process is used for high reliability and high 
density. Chip structure and basic circuit are shown in Fig. 1, and package 


structure is shown in Fig. 2. 
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Fig. 1 Chip Structure.and. Rasic-Cirenit.. 


3. RELIABILITY TEST RESULTS 


| : The test results of LCD Driver LSI family are shown in Table 1, 2 and 3. 


Table 1 Test Result (1), High Temperature Operation 
(Ta=125°C, Vec=5.5V, VeE=-5.5V) _ 


Device Sample size Component hour | Failure | 
a a 2 
oe a a 

Sanna ee 
90 


HD44103CH 


HD44780 | 
Total 250 230,000 





Table 2 Test Result (2) 


: ? fo 9 ° 9 


Steady state humidity) goo, oo7 pH, 1000 hrs.| 165 | 170,000 2*2 
biased 


*J, *2: Aluminum corrosion 


















Table 3 Test Results (3) 


Thermal shock 0 ~ 100"¢ 108 | 
10 cycles 
| -55°C ~ 150°C 678 0 
Te t i 
Soldering heat: 260°C 10 secs. | 132. a 0 


Solderability 230°C 5S sec. 









4. QUALITY DATA FROM FIELD USE 


Field failure rate is estimated in advance through production process evalu- 
ation and reliability tests. Past field data on similar devices provides the 
basis for this estimation. Quality information from the users are indispens- 
able to the improvement of products quality. Therefore, field data on products 
delivered to the users are followed up carefully. On the basis of information 
furnished by the user, failure analysis is conducted and the results are 


quickly fed back to the design and production divisions. 


Failure analysis result on MOS LSE returned to Hitacht is shown in Fig. 3. 
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Fig. 3. Failure Analysis Result 


9. PRECAUTION 


5.1 Storage 


It is preferable to store semiconductor devices in the following ways to 


prevent detrioration in their electrical characteristics, solderability, and 


appearance, or breakage. 


(1) Store in an ambient temperature of 5 to 30°C, and in a relative humidity 


of 40 to 60%. 
(2) Store in a ckean air environment, free from dust and active gas. 


(3) Store in a container which does not induce static electricity. 


(4) Store without any physical load. 


(5) 


(7) 


If semiconductor devices are stored for a long time, store them in the 


unfabricated form. If their lead wires are formed beforehand, bent par& 


may corrode during storage. 


If the chips are unsealed, store them in a cool, dry, dark, and dustlesé 
place. Assemble them within 5 days after unpacking. Storage in nitrogé 
gas is desirable. They can be stored for 20 days or less in dry nitroge 
gas with a dew point at -30°C or lower. Unpacked devices must not be 


stored for over 3 months. 


Take care not to allow condensation during storage due to rapid tempera- 


ture changes. 


5.2 Transportation 


As with storage methods, general precautions for other electronic component 


parts are applicable to the transportation of semiconductors, semiconductor- 


incorporating units and other similar systems. In addition, the following 


considerations must be given, too: 


(1) 


(2) 


(3) 


(4) 


Use containers or jigs which will not induce static electricity as the 


result of vibration during transportation. It is desirable to use an 


electrically conductive container or aluminium foil. 


In order to prevent device breakage from clothes-induced static electri- 


city, workers should be properly grounded with a resistor while handling 


devices. The resistor of about 1 M ohm must be provided near the worker 


to protect from electric: shock. 


When transporting the printed circuit boards on which semiconductor 
devices are mounted, suitable preventive measures against static elec- 
tricity induction must be taken; for example, voltage built-up is 
prevented by shorting terminal circuit. When a belt conveyor is used, 
prevent the conveyor belt from being electrically charged by applying 


some surface treatment. 


When transporting semiconductor devices or printed circuit boards, 


minimize mechanical vibration and shock. 


5.3 Handling for Measurement 


Avoid static electricity, noise and surge-voltage when semiconductor devices 
are measured. It is possible to prevent breakage by shorting their terminal 
circuits to equalize electrical potential during transportation. However, 
when the devices are to be measured or mounted, their terminals are left open 
to provide the possibility that they may be accidentally touched by a worker, 
measuring instrument, work bench, soldering iron, belt conveyor, etc. The 
device will fail if it touches something which leaks current or has a static 
charge. Take care not to allow curve tracers, synchroscopes, pulse genera- 
tors, D.C. stabilizing power supply units etc. to leak current through their 


terminals or housings. 


Especially, while the devices are being tested, take care not to apply surge 
voltage from the tester, to attach a clamping circuit to the tester, or not 


to apply any abnormal voltage through a bad contact from a current source. 


During measurement, avoid miswiring and short-circuiting. When inspecting 
a printed circuit board, make sure that no soldering bridge of foreign matter 


exists before turning on the power switch. 


Since these precautions depend upon the types of semiconductor devices, 


contact Hitachi for further details. 


FLAT PLASTIC PACKAGE (FPP) MOUNTING METHODS 


The FPP can obtain better space factors than DIP type because the board 


occupying area and thickness can be reduced. No through holes nor lead form- 


ing is required for mounting the board. Therefore, the FPP can be mounted as 


it is, and is suitable for automatic mounting, providing remarkable reduction 


of manpower. 


Various mounting methods are provided and can be used for each purpose. The 


typical example of mounting are given below. 


1. 


Individual Mounting with Soldering Iron . 


A method used mainly in the trial and small-scale production of circuits. 
The FPP can be soldered by fixing it on the mounting part of the printed 
circuit board with flux or adhesive agent while pressing it. For mount- 
ing, sharpen the tip of soldering iron or make it in a block shape so 
that more than one pin can be heated simultaneously. Use a fine solder 
(about ? 0.5mm). Solder within 10 seconds per IC at the maximum tempera- 
ture of 260°C for lead and 235°C for resin part (lead bottom) as the 


heating conditions. 


Reflow Soldering 


The reflow soldering is the most general method in which the chips such 
as a transistor, a resistor and a capacitor are mounted on a hybrid IC. 
It can be also applied to the FPP. (Note) In addition, there are methods 
in which spare soldering and flux are applied to a printed circuit board 
in advance and in which solder paste is selectively applied to a printed 


circuit board by screen process printing. 


The FPP is tacked at a specified position with flux or solder paste. 
However, a small amount of adhesive can be applied to the rear of FPP for 
temporary fixing. Spare solder is mekted by passing the board whose parts 
are tacked, through a temperature-controlled hot plate or conveyor type 
heater. Then the board can be soldered. In this case, preheat thoroughly 
to eliminate the thermal distortion of board and mounted parts. Pay at- 
tention to temperature control in consideration of the heat absorption of 
black plastic caused by an infrared-ray heater. As the heating conditions, 
preheat the board and parts for 20 seconds at a temperature of 100 to 


150°C. Then heat them within 10 seconds at the maximum temperature of 


235°C as a resin surface temperature . If the board is directly heated 
from the upper side of FPP with an infrared-ray heater, the temperasre 
of resin surface becomes higher than the lead. Therefore, a shielditig 


plate or similar thing must be used so that the temperature of resin 


eurtace can be 235°C or below. 


(Note) Reflow soldering can be applied to the 2.9 mm (Max.) thick 
FPP used in the LCD driver series. However, the FPPs of 2.4 mm (Max.) 
and 1.5 mm (Max.) in thickness cannot be used for reflow soldering 


under the above conditions. 


Flowcharts of Mounting Methods 
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LIQUID CRYSTAL DRIVING METHODS 


Driving a liquid crystal at direct current triggers electrode reaction inside 
-the liquid cell, deteriorating display quality rapidly. The liquid crystal 
must be driven at alternating current. The AC driving method includes the 
static driving method and the multiplex driving method, each of whtch has 

the features and can be used for applications. Hitachi has been developping 
the LCD driver devices corresponding to the static driving method and the 
multiplex driving method. The following sections describe the features of 


each driving method, the driving waveforms and how to apply bias. 


M STATIC DRIVING METHOD 
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Fig. 1 shows the driving waveforms of the static driving method and an example 
in which "4" is displayed in the segment method. . The static driving method 


is the most basic method in which good display quality can be obtained. Ho 





ever, it is not suitable for the display of jerenaen as with 





segments because one liquid cryst-) ic) we alate: : 3 of 
The static driving method is used at the frame grequenes (1/t¢) of several 


tens to several hundreds Hz. 


M MULTIPLEX DRIVING METHOD 


“The multiplex driving method is effective in reducing the number of driver 
circuits, the number of connections between the circuit and the display cell, 
a..u the cost when driving many display picts: elements. Fig. 2 shows the 
comparision of the static drive with the multiplex drive (1/3 duty) su 
8-digit numéric display. The number of liquid crystal driver circuits re- 
quired is 65 for the former and 27 for the latter. The multiplex drive 


reduces the number of driver circuits. However, the more multiplexed, the 
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smaller the driving vores tolerance. Thus, there are limits to extent of 


multiplexing. 


‘There: are. two types. Be mulciplex. drive waveforms: .A type and B type. A type, 


éatioun in 1 Fig. eas used for a¥eermation in 1 frame. 8B type is used for 






alternation in between 2 frames. B type has better display quakity than A 


cype in high multiplex drive. 
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Fig. 3 A Type Waveforms Fig. 4 B Type Waveforms 
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@1/2 Bias, 1/2 Duty Drive 


In the 1/2 duty drive, 1 driver circuit drives 2 segments. Fig. 5 shows 


an example of the connection in displaying '4' on the liquid crystal 


display of 7-segment type, and the output waveforms. 
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@ 1/3 Bias, 1/3 Duty Drive 


In the 1/3 duty drive, 3 segments are driven by 1 segment output driver. 
Fig. 6 shows an example of the connection in displaying '4' on the liquid 


crystal display of /-segment type, and the output waveforms. 
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@1/3 Bias, 1/4 Duty Drive 


In the 1/4 duty drive, 4 segments are driven by l segment output driver. 
Fig. 7 shows an example of the connection in displaying '4" on the liquid — 


crystal of 7-segment type, and the output waveforms. 
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Fig. 8 Example of Waveforms in 1/8 Duty Drive (A type) 
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Fig. 11 Example of Waveforms in 1/32 Duty Drive 
“(Example of HO44102CH, HD44103CH) — 


M POWER SUPPLY CIRCUIT FOR LIQUID CRYSTAL DRIVE 


Table 1 shows the relationship between the number of driving biases and 


display duty ratios. 


Table 1 Relationship between the Number of Dispaly Duties Ratio 
and the Number of Driving Biases” 
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(1/5 bias) 
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@ Drive in Resistance Dividing 


A driving bias is generally generated in resistance dividing. 
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(a) 1/4 Bias (1/8, 1/11 duty) (b) 1/5 Bias (1/16 duty) 


Fig. 12 Exampte of Driving Voltage Supply 


The setting of resistance value is determined by considering of operation 
margine and power consumption. Since the liquid crystal display load is 
capacitive, the drive waveform itself is distorted due to charge/dis- 
charge current when the liquid crystal display drive waveform is applied. 
To reduce distortion, the resistance value should be decreased but the 
power consumption increases because of the increase of the current through 
the dividing resistors. Since larger liquid crystal display panels have 


larger capacitance, the resistance value must be decreased. 


Vec( +5¥V) | 
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} scyment non-selected low level 


b Common non-se lected high level 
V2 *—— » Segment non-selected high level 


V3 
-C | 
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SV For contrast adjustment 





Large C and R cause 
a level shift. 


Fig. 13 Example of Capacitor Connection for Improvement of 
| Liquid Crystal Display Drive Waveform Distortion 
(1/5 bias) (Example of LCD-II) | 


It is efficient to connect a capacitor to the resistors in parallel as 
shown in Fig. 13 in order to improve charge/discharge distortion. However, 
the effect is limited. Even if it is attempted to reduce the power con- 
sumption with a large resistor and improve waveform distortion with a 
large capacitor, a level shift occurs and the operating margine is not 


improved. 


Since the liquid crystal display load is of matrix configuration, the path 
of the charge/discharge current through the load is complicated. Moreover, 
it varies depending on display condition. Thus, a value of resistance 
cannot be simply determined from the load capacitance of liquid crystal 
display. It must be experimentally determined according to the demand for 


the power consumption of the equipment in which the liquid crystal display. 


‘is incorporated. 


Generally, R is 1k2 to 10k2, and VR is 5kQ to 50kR. No capacitor is used. 


A capacitor of 0.1uF is usually used if necessary. 


@ Drive by Operational Amplifier — 


In graphic display, the size of liquid crystal becomes larger and the 
display duty ratio becomes smaller, then the stability of liquid crystal 


drive level is more important than smakl display system. 


Since the liquid crystal for graphic display is large and has many picture 
elements, the load capacity becomes large. The high impedance of the 
power supply for liquid crystal drive produces distortion in the drive 
waveforms, and deteriorates display quality. For this reason, the liquid 
crystal drive level should be low impedance with operational amplifiers. 


Fig. 14 shows an example of operational amplifier contiguration. 
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Fig. 14 Drive by Operational Amplifier (1/5 bias) 


No load current flows through the dividing resistors because of the high 
input impedance of operational amplifier. A high resistance of R =10k8 
and VR =50k8Q can be used. 


@ Generation of Liquid Crystal Drive Level in LSI 


The power supply circuit for liquid crystal drive level may be incorporated 
in the LSI such as for portable calculator with liquid crystal display. 


HD61602, HD61603 for small display system has built-in power supply circuit 
for liquid crystal drive level. | 


- @ Precaution on Power Supply Circuit 


The LCD driver LSI has two types of power supplies: the one for logics. 
circuits and the other for liquid crystal display drive circuit. The 
ccver supply system is complicated because of several liquid crystal 


“rive levels. 


For this reason, in the power supply design, take care not to deviate 

from the voltage range assured in the maximum rating at the rise of power 
supply and from the potential sequence of each power supply. If the input 
terminal level is indefinite, through current flows and the power consi »- 
tion increases because of the use of CMOS process in the LCD driver. 
Simultaneously, the potential sequence of each shuee supply becomes wrong, 


and a latch-up phenomenon may be caused. 
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HDUGIOOH (LCD DRIVER 
WITH 4O-CHANNEL OUTPUTS) 


The HD44100H has two sets of 20-bit bidirec- 
tional shift registers, 20 data latch flip 
flops and 20 liquid crystal display aeiex 
circuits. It receives serial display data 
from a dispkay control LSI, converts it into 
parallel data and supplies liquid crystal 


dispkay waveforms to the liquid crystal. 


The HD44100H is a liquid crystal display 





driver with high generalizability, which (FP—60) 
can drive a aes drive liquid crystal and PIN ARRANGEMENT 
a dynamic drive liquid crystal, and can be 
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applied to a common driver or segment Soo. Se 
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driver. 


ME FEATURES 


@ Liquid crystal display driver with serial/ 


parallel conversion function 
® Serial transfer facilitates board design 


@ Capable of interfacing to liquid crystal 
display controllers: HD43160AH, LCTC y 
(HD61830), HD44101H, LCD 1(HD44780), REE BEEBE 
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LCDM (HD44790). (Top View) 


@ Internal liquid crystal display driver 


. 40 drivers 


e Internal serial/parallel conversion 
circuits 
20-bit shift register * 2 
20-bit data latch x 2 


® Display bias: Static Vv 1/5 


| @ Power supply 


Internal logic: +5V 


Liquid crystal display driver circuit: -5V 
-c separation of internar logic from liquid crystal display driver 
circuit allows applicable controllers and liquid crystal "ypes ts 
increase. | 
@ CMOS process 


@ 60-pin flat plastic package 
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“Supply 
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<fi<] < 


Operating temperature Topr | - 20 to +75 __ | 


x] All voltage values are referenced to GND. 







*2 Connect a protection resistor of 2202 45% to VEE 
power supply in series. 


*3 Applies to V, to V¢ 


MELECTRICAL CHARACTERISTICS ; 
(Vcc =5V + 10%, Veg =-5V 410%, GND=OV, Ta =-20 to + 75°C) 


Test condition min typ | 








Output voltages 
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descending 
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current 
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fFc_) * kHz 


Power supply 
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Vi 
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~JS 
Power Data R2"10k2 typ. 


switch switch 


*2) Inpuc/output current {s excluded; when input {s at the intermediate level 
with CMOS, excessive current flows through the fnpuc circuit to the power 
supply. To avoid this, input level must be fixed at high or low. 


*3 Output Y! to Y40 open. 
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Fig. 1 Timing Waveform 





ME TERMINAL FUNCTION 


Table 1 Fucntionat Description of Terminals 


ere 
Signal 2 Input / Connected to Function 
name pe Output 
| ‘ [a Power supply Power supply for logical) circuic 


— Power seocis Rover supply for liquid crvsta} displav drive 
Yi + Ye 20 Output | Liquid erystal | Liquid crystal driver output (Channel 1) 


Out put | Liquid crystal | | Liquid crystal driver output (Channel 2) 
| Input Power supply Power supply for liquid crystal display drive (Select level) 


. Vi ‘Input | Power supply Power supply for liquid crystal dispaly drive 
| (Non-select* level for channel 1) | 








“Input Power supply :; Power supply for liquid crystal display drive 
| (Non-select level for channel 2) 


SHL1 fy Input Vcc or GND | Selectfon of channel} 1 shift register in the shift direccion 





| | SHL1 | DLJ DR} | 


Vcc or GND | Selection of channel] 2 shift register in the shift direction | 


: 
| 
{ 
| 
| 





Data input/output of channel }] shift register 





DLL, DRY 2? Inpuc/ | Controller 
output | or HD44)00K 





DL2, DRA 2. | Inpuc/ | Controller Data input/output of channel 2 shift register 
| output | or HD&4100H 
bs | 4d Input | Controller | Alternated signal for liquid ecrvstal driver output 


CL) a Oe | | Controller | Shift signal for channe] 1 (UU) #1 
{| This is used for channel 2 when FCS is GND. 


inpur | Controller Latch signal for channe) 1 (UL) 4) 
‘This is used for channe} 2 when FCS is GND. 
Vcc or GND Mode select signal of channel 2. FCS signal exchanges the 


latch signal ane the shift signal of channel 2 and inverts 
M for channe) 2. 





| 
FCS level | cA Me i Pur pose 
cise signal 
f i 
| 
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i ! For common drive 
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<a CL? | For segment drive | 


*) 5 and “ indicate the latches at rise and fall times respectively. 





*2 The output level relationship bercween channe} 1] and channel 2 based 
on the FCS signal level is as follows: 


| | | Output level sf 
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| rcs | bate | 2 (Y . « Yee) 
ee te . V: 








cc 
( "*) **) “oO sae | e¢ V; | Ve 
(Non-select) | “OI Vs ee a | 
“aye . as | ee | V; \; 
cro | (Select) _[ “07 | ; : 
("0°") "O°" 


"1" and “O" indicate a high and low levels, respectively. 


Mi APPLICATIONS 


@ Segment Driver 
When the HD44100H is used as a segment driver, the FCS is set to GND to 
vans fer display data in the ciming show in Fig. 2.) In ‘this. case, aes 
of channel ‘1 and channel 2 are shift data at the fall of CL2 and latch it 


at the fall of CL1l. V3 and Vs, Vy and Ve of power supply for liquid 


crystal display driver are short-circuited. 


(FLM) 
M a 3 | | LPLILI LE LILI LILI LS 
l | | 
Output of 


i RO) Se a A Os Seo mR 


~— am 
= ap 
= 
” — 
— a 


CLI a ; Latch | | | | | 


Shift 


Fig. 2 Segment Data Waveforms (A type waveforms 1/8 duty) 


@ Common Driver 


When channel 1 is used as a segment driver and channel 2 as a common 


driver. 


When channel 2 of HD44100H is used as a common driver, the FCS is 


set to Vcc level to transfer display data in the timing shown in Fig. 3. 


In this case, channel 2 shifts data at the rise of CLl and latches it at 


coche vice of CL2.. Channel 1 has the same data as Fig. 2. 


8; 1 {2 3 4 5 6 ) 8 1 2 


OL2/ OR2(FLM) if [! 


iShife 

! 
ics Fi — Non-select | 
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/ Non-seltect 
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(33) ae 
Enlarged: Select Select 


\ 


view oe ols ces Ee eee re ee 
N0L2/OR2(FLM) | 


CLI + i 
CL2 


Y21 
(vy 40) 





Fig. 3 Common Data Waveforms (A type waveforms of channel 2, 1/8 duty) 


When both of channel 1 and channel 2 of HD44100H are used a common driver, 
the FCS is set to GND and the signals (CL1, CL2, FLM) from the controller 


are connected to shown in following figure. 





In this case, connection of power supply for liquid crystal display rt oy 


‘s different from segment driver, so refer to following figure. 


Vig V2. wrecdws Select level of segment and common 
Vigg. Vig. eeavers Non-select level of segment 
View. Ve. aareee Non-select level of common 












CLI 
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Sh oy, as fle 
00 y ied ae tt 
> 7 ae | ‘= eat De Ge et eee Te 
oad Vs eae ee eee ae Tae 
> 3a y ee ect 
oaHom Vi 
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eStatic Drive 


When the HD44100H is used in the static drive, data is transferred at the 
fall of CL2 and latched at the fall of CLl. The frequency of CL1 becomes 
the frame frequency of liquid crystal display driver. The signal that has 
the frequency twice that of CL1 synchronized at the fall of CLl is input 
into terminal M. The power supply for liquid crystal display driver is 


used by short-circuiting V,, V, and Ve, and V2, V3 and V.. 


One of liquid crystal display driver output terminals can be used for a 
common output. In this case, the FCS is set to GND and data is transferre. 


So that "0" can be always latched in the latch corresponding to the liquid 





crystal display driver output terminal used as the common output. If 
latch signal corresponding to the segment output is "1", the segments of 


LCD light. They also light with common side = '")" and segment side "0". 


HD43160AH (CONTROLLER WITH 
BUILT-IN CHARACTER GENERATOR) 


DISPLAY CONTROLLER AND CHARACTER GENERATOR 
FOR DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM 


‘The HD43160AH receives character data written 
in the ASCII code or JIS code from micro- 
computer and stores them in its RAM which has 


80 words capacity. 


The HD43160AH converts these data into serial 


character pattern, then transfers them to 


LCD drivers. 


It also generates other signals for LCD. 





Mm CHARACTER DISPLAY 


® Atphanumeric character; A ~ Z, a ~ z, @, #, Z, &, etc. 
@® Japanese Character (katakana) 
® 160 characters by internal character generator (ROM}. 


(Max 256 characters by external ROM) 


ME NUMBER OF CHARACTERS 


@4, 8, 16, 24, 32, 40, 64 or 80 characters in 1 or 2 lines 


Mi FRONT 


@e5 x 7 + Cursor or 5 X 11 + Cursor 


ME OTHER FUNCTION CONTROLLED BY MICROCOMPUTER 


@ Display clear 
® Cursor ON/OFF 
@® Cursor position preset (Character position) 


® Cursor return 


MI BLOCK DIAGRAM 











































CSO 7 “CNO DLN. FNTS CURS ROM 
cs] 20 CNI-—-~ { 1 t: a 
cS2- Jou wie i 
cs3 os 
UW 
RSO 2 wv Line counter 
oe Cursor counter M 
sae 1G Oo Character number FLM 
E HO counter as 
u RAM ROM | 
YW) 
ss Moor 8 bit Character P/S con- 5 
‘ @ 00 verter | 
uy 80 | generator 
O words 
BBS © | (160 char 
DB WO acters 
44 Cee) i 
=O 
SiN O1~05 
X0~X7 perme Setefiens, 
Veo em | Yo~Y3 iExternal, CL2 
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RST -- j (max. 256 Le 
t gharac-, 
TEST—o- , fers) y 


M ABSOLUTE MAXIMUM RATINGS 





T 


- Input voltage 
Operating temperature -20 to +75 



























Terminal No. " Teat condition “Unie 


cso CS), Ff, R/M, 
DHO ~08), RSO ' 















Input voltage 


ad 
< 
a | 











ME ELECTRICAL CHARACTERISTICS (Vcc=5V+5%, GND=OV, Ta=-20 to +75°C) 
OSC1L, TEST, RST, FNTS, 


min 
7 y 2 .9 
| (TTL compatible) dsiede? i a 
a_ : 0.7 Vcc 
_CURS, DLN, ROMS, 
Vic | CNO~CN2, 0, -0s | Fo 
L. 


Se Cea 
| Vouc_ 


Vv | FLM,M,D,CL1,CL2 | vcc-1.0 | 
| OHC , lioad™20.4mA [Vec-2.0 | 


: Input voltage 


Bes 





Vec 











| Output voltage 


x0 ~X?, YO ~¥3 
FInput leak current f lin [Alt dnputs | 

Gnctstiee-tececcncy: (tebe Re=200kN#2Z, S*7+Cursor | 130 | 
| Rp<L3OkNE2Z, 5*1)+Cursor | 200 | 


“E50 -CS), RSO, R/W, | 
I , , >t vy, soy 2 
[tput pull up current] Ipy | oop ~ DB? | 
" 


250 | 
375 


Ta-25c. fro=400kHz : 
Power dissipaci ee 
ower dissipation (external clock) 


- 
© 


US) 
ie) 
fe +) 





* Input/output current is excluded. When input {s at the intermediate level with CoS, 
excessive current flows through the input circuit to the power supply. To avoid this, 
input levek must be fixed at high or low, but CSO ~CS3, RSO, R/W, DBO ~DB7 are excluded. 


Mi PIN ARRANGEMENT 


Power sup. Out put Power sup. 
| OSC. | | | osc. | 


Power sup. 
OSC. 
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MPIN FUNCTION 







Function 


Cursor select 


Vcc: 5 dots. eevsce 
GND: 1 dot. @ 















Display line number select. 
Vcc: 2 lines.: 
GND: 1 line. 


select. 
Vec: 2 xXll+Cursor. 
5 x7 +Cursor. 




















for test. Normally Vcc 







Strobe signal. , ae : : _ 

Write mode: The HD43160AH latches the data on| 
DBO ~DB7 at the falling edge of 
this signal. 

Read mode: Busy/Ready signal is active on DB/7 

while this signal is 'H'. 















Read/Write signal 
L: HD43160AH gets the data from MPU. 
H: MPU gets the Busy/Ready signal from 

HD43160AH. | 


Chip select | 
When all of CSO ~CS3 are 'H', HD43160AH is 


selected. 


















Register select. 
HD43160AH has 2 registers. One is for 
Character code and another is for instruction 
code. Each register latches the data on 
DBO ~DB7 at the falling edge of ‘E', when 
CSO ~CS3 are 'H' and R/W is 'L'. | 
H; Character code register is selected. 
L; Instruction code register is selected. 
















Data bus. 
Inputs for Character code and Instruction 
code from MPU. 

Output for Busy/Ready flag (DB7). 










Serial dot data of characters for LCD drivers | 





|Dot data shift signal for LCD: drivers +. 3". 






Im of oa | HD44100H | 0 | Alternate Signal for LCD drivers. 
prim | 1 | HD44100H | 0 | Signal for common plates scanning. 
Bf ROM Oo | 


Character code outputs for External character 
fo aous| gemerator. (for Ext ROM) en : 


i “ex: character 






XO 






Character row code for External character 
generator. 


————~§ x}? +Cursor > X11 +Cursor 


CCOO—— Kam Q000 X< 
wa me OOmww GO Oe ee OO =< 





Clock signal for External character generator 
(dynamic ROM etc.) if necessary. | 


Dot data inputs from External character 
generator. 

1(H): ON 

O(L): OFF 


1 | GND or Vcc| ‘Select Internal or External ROM. 

H: External ROM 

| | L: Internal ROM 
osc1{ 2 | (1) foscillator. 5 x7+Cursor : R¢=200kQ (typ) 
OSC2 (0) 5 *11+Cursor: R¢=l30k2 (typ) 









ME CHARACTER DOT PATTERNS 


e5x/] 


The bottom lines of the English small characters "g, i, p, q, y," are 


£ 4g 
AR 
= 
ha 
: Nn 
me » | 


ree Sota ae eer ee ” a ed a a 
Le rie a eee aw feos, . ae See 
SON Salar NR et Bt ORE SEARS “weet a egg Neh cite Mr hy OA 





arac ’ 


on the cursor line. 


Sdltsbintiodinennt RSA AE WB OOO OS ae ano 

tee ce . is aii mace el ae aes wae oN eet 

Bs “ tts ae, : : eptins 
Ry 
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E 
LMS 
af" 





, code Luger 


ele 
Be | 
B ]%, 
oe 
“0, 
a 
% 
9° 
"B 
o 
S 


0.0 
| | os 
oO 
re 


i 
‘2 
s 
i 





oe ISS) ere ae Bel 
| ocoad” | canoad coo” =| coco [30 oo : 


oes ke ee ee 
AEMIOIWL OAL itil 
fe [Ceol Pel 
Jom wot EES] OO] P| ee Pl vis F 
(elses (al [ae [ur 


_(Tewpoapexay mic cote apood as 


@e5 x] 


Only English small character "g, j, p, q, y," are displayed as below, the 


others are in the same way as that of 5 X 7. 





e..Cursor 9 dots: 


1 dot : 


The cursor is displayed on the 8th or 12th line. 


Ml APPLICATION 


e Setting Up 


a) Total character number ..... (CNO ~ CN2) 
b) Cugsor pattern Sig ieore @ ate etacs (CURS) 
c) Display*1iné*number’..:..... (DLN) 
@): PONG 2%i.d-c0ne sald wees ecu cst (FNTS) 


These terminals should be connected to Vcc or GND according to the LCD 
display system. RST and TEST should be connected to Vcc and GND 


respectively. 


e Interface to the Controller 


a) Example 1 Interface to HD6800 


r  R/W 
HO 6800 (MPU) — E HD 43160 AH 





In this example, the addresses of HD43160AH in the address area of the 


HD6800 microcomputer are 


Instruction code register  #'E*xxx' (R/W=0) 
Character code register I  Fxx*! (R/W=0) 
Busy flag ) PH Exk*' or #' FARE" (R/Wel), 


*: don't car 


GB Reg We i ge ee OR gt Ee lS Bee 
. Be? ge Peake Ff “AE cee : a Ae 4 


Db) Example of display program 


V/ 


Read Busy flag 
from # ‘Ex*x*!' 


or # 'FeRKT - | 
= | Check Busy or Ready 


Y: Busy 
N: Ready 


Instruction Character 








RSO ='H' | 
| Write Inst. code Write charact. code 
-| to # "Exxx' to # 'Fxxx!' a 


c) Time length of Busy 


write Inst. or Charact. code 







Busy 


(Internal) 


we - 


Display clear 
Other function 


HD43160AH begins the operation from the rising edge of rE, 





Instruction code register and Character code register latch the data 


on DBO ~DB7 at the falling edge of 'E’. 


d) 


CS 0 
\ 
CS 3 
RSO 


R/W 


DBO 
j 
DB7 


e) 





Timing chart 


Write sequence _ Read sequence 
(MPU ~ HO 43160AH ) (MPU —HDO 43160AH) 
tcyc l 
eee aan tcyc { 
! Pwe Pwen | ; Pwer Pwenx | 
| 


CS 0 
j 
CS3 
RS 0 


Read 
ready| 


Timing characteristics 










ro 
7 eo ce 
fe tever [Pom [0-5 [= [= [vs | 
Set up time of CS Write ae ee 
Deta delay tine | Write | tpow | = [| = | 7 

est fe [eo 


Pulse width of 













f) Example 2 Interface to 8085A (Intel) 


$1 , | 
R/W 
1o/ Ee eet to ee ee C$3 


a EE 94 








RD 
WR 
AlS | 
) CS2 
Al4 B CS 1 
Al3 | | CSO 
Al2 : RS 0 
8085A 
pine HD43160AH 
DB 
§ 
DB7 


g) Timing chart 


CLK 


10/M, $1 


Al2 Al5 


READY 


Pulse widths of RD and WR signals of the 8085A are 400ns MIN, while 
the pulse width of E signal of the HD43160AH is 450 ns min. 
Therefore, in this example, RD and WR signal pulse widths are 


widened by using Tyarr cycle. 


Mi DISPLAY COMMANDS 


e Display Control! Instructions 


These instructions should be written into the instruction register of 


HD43160AH by the controller. (RSO='L', R/W='L') 


a) Dispkay clear 


MSB LSB 


Code: |OLOTOfO}o} oj oj1 


Operation: The screen is cleared and the cursor returns to the 


lst digit. 


b) Cursor return 
MSB LSB 


code: |O]0]0}0} 0} 0} 1]0. 


Operation: The cursor returns to the lst digit and the characters 


- being displayed do not change. 


c) Cursor ON/OFF 





Operation: The cursor appears (ON) or disappears (OFF). 


d) Set cursor position 
MSB ; LSB 


Lines Lepper [1 | O] (rl) binary | 
[Tower [1 [1 | Gel) binary | 


N,n,m: digit number 











Operation: The cursor moves to the Nth (nth, mth) digit. 
N < the total character number; 
n,m <¢ 1/2 total character number. 
ex 1 *1 line* 
Set the cursor at 55 digit. The code is °10110110'. 
ex 2 *2 lines* 
Set the cursor at 35 digit of upper or lower line. 
The code is '10100010' (upper). 
"11100010' (lower), 


© Display Character Command 


When the character code is written into the character register of , 


~ HD43160AH, the character of this code appears where the cursor was dis- 
| | 


played and the cursor moves to the next digit. (RSO="H', R/W='L") 


= 


MSB | GS 
[| (CHARACTER CODE) 





code: 





ex 1 


before ABCD | 
after ABCDE _ 


Ty 


@ Read Busy Flag 


When CSO ~CS3='H', R/W='H' and E='H' (RSO='don't care'), the Busy/Ready 
signal appears on DB/. 
- DB7 'H': BUSY 
7 "L': READY 
Time Length of Busy (@OSC=200kHz) 





(depends on the operating frequency) 


® Interface to External ROM 


a) Example 


HD43160AH ee External ROMS 
cea 1: Ext. 


~~ Q: Int. 


MSB 


x*pA is used as the 
precharge signal for 
Dynamic ROM if nec- 
essary. 





Interface to External ROM 


b) Row code 


Row code 


O01 O02 03 O4 OS Y3 Y2 Yi YO 





Row code as 

ae? 0 O 

VI 02 03 04 OS ¥3 Y2 YI YO io 
0 0 

0 0 0 0 01 

000 1 0} 

0 0 1 0. 0 1 

0 0 1 #1 0 1 

0 1 0 0 1 0 

o 1 0 1 1 0 

0 1 1 °0 1 0 

Oo 1 1 1 1 O 

5 x 7 + Cursor 5 x li + Cursor 


c) Timing chart 





a aaa | 
a 
| fcp 
XO~XT 
Yo~yv3 
| 
BA 2 
fcp 
i 
| 
O1~OS ; 
Effective data 
ROMS | 
eae eee eee 
| , { 
| MAX aca { 


—-— =e (S&S S&S = = © OF = = © 02 


0 
l 
0 
l 
0 
| 
0 
1 
0 
1 
0 
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® Interface to LCD Drivers 


a) Example 


Common _ 
signals | Liquid crystal display 












| Segment signals 
Y1~ ¥20 | YI~ 40 






Y21~ Y40 
VI~V6 
FCS 


SHY 14D44100H 














Vi~V6 
FCS 


“Hl HD44100H 


SHL2 
DL} 
DR1 
DL2 





SHL2 
DL} 
DL2 
M 


DR2 C 2 3 
= 





DR 1 












Li CL2 MM | 
da <r  ie 





C 


L1 CL 

i 2 - 
HD43160AH cL) |}———+— 

el ee 


M 





interface to ..J4410°uU 


b) Wave forms (5 *7+Cursor l line) 


Enlarged 


a 


CL2 


at 0.2 CR ES OS ee £2 oe ES 


One row of a character 


One row of 80 characters (400 dots) 


WE DOT MATREX LIQUED CRYSTAL DISPLAY SYSTEM 


Typical Application 


5 *7 +Cursor 


: Lines 40 Characters 
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EXTERNAL T 










GND 0VQ~ 
Vec 5VO-y 
Va 
V4 
Vs 
‘ tht —— 
Vee -SV @ Vv = Se Se 


nrerere 





etee 
o ees eeee 
@ OOo reese sasccee 
2 Oe ae meee tamsee +m 
ETAT AU oo Sa Os 66 a be. 8 a 508° ED OOO GD 06D F088 oe aso as seer a sseleneccem + baa = sacs 
OOo m@eves SOCcamesse esse e@ae @e ee ee0en Cr ere eee Bie ee as 
POO O MD OF SEED 0008 GD OOD EDOECOOE 8HC2 WOO 20GB OOD +0 aw resem sees eee CU OS ReaD AOC aBsCeCabre + Dan se com coocam os o mesece 
e 
OO ROD FS SOD COEF GE OOO GD ODS DED OOF 2 EDO? O80 ED OSDS D *SSCOED FOSS WD +0 0s DFE 69 AD FOl SEH OOSE HESS 69 UD OOSL GOO COED 89 OOED -O0* @ 000 0 EEE 
@+ *@ aw + ees amet com 4°: GB OSs Mesee 


° . 
amsee woe. + ee eco *e eee (cameos Om cane +90: @ *O0e os ceoamecceamesre 
008 6 DOO OO EP SOO FED > OOS GD 2 OED ED 00 CO GP O60 8 ED cos OGD £09 SED 2606 FO08 AD ODOC DESEO ED 6666 SD OF 6CS ED 9 0 OOP ESOS OCHO CUD IOOL Meoee 


HD44780 (LCD-I1) (DOT MATRIX 
LIQUID CRYSTAL DISPLAY CONTROLLER & DRIVER) 


The LCD-Z (HD44780) is a dot matrix liquid 
crystal display controller & driver LSI that 
displays alphanumerics, kana characters and 
symbols. It drives dot matrix liquid crystal 
display under 4-bit or 8-bit microcomputer 

or microprocessor control. All the functions 


required for dot matrix liquid crystal display 





drive are internally provided on one chip. 


The user can complete dot matrix liquid M PIN ARRANGEMENT 
crystal display systems with less number of 
chips by using the LCD-II (HD44780). If a SHEARER RGESSEREE 


@meeeeeeecaewreeeeaee ss @ 


driver LSE HD44100H is externally connected 


to the HD44780, up to 80 characters can be aa PRR MURR ERS EHS 


enc, Saf laze sec 
in op ee con 
The LCD-HI is produced in the CMOS process. ae =o! lao — 
oec,, cS {0 ~onm cou, 
Therefore, the combination of the LCD-II bse! me cont 
i ecm cons 
with a CMOS microcomputer or microprocessor a0," sy — cont 
Tee = | temo cou’ 
can accomplish a portable battery-drive hie = —— , 
src, page Sd — °, 
device with lower power dissipation. i, et R= oy 
a! re os: 
oec, = SS) a oe, 


HG 


| FEATURES ° SAAR PSE S “ve 


Matetol OK 
i nc 


5 *7 and 5 *10 dot matrix liqutd crystal 


display controller driver (Top View) 


° Capable of interfacing to 4-bit or 
8-—bit MPU. 


¢ Display data RAM... 80 x8 bits 


(80 characters, max.) 


* Character generator ROM ... 
Character font 5x7 dots: 160 characters 


Character font 5 x10 dobts: 32 characters 


- Both display data and character generator RAMs can be read from the MPU. 


be Internal liquid crystal display driver eae 
16 common signal drivers ; 
14 segment signal drivers (Can be externally extended to 360 segments 


by liquid crystal display driver HI Sais 


- Duty factor selection (selected by program) ..... 
1/8 duty: 1 line of 5 X 7 dots + cursor 
1/11 duty: 1 line of 5 x 10 dots + cursor 
1/16 duty: 2 lines of 5 x 7 dots + cursor 


Maximum number of display characters 











| ae : . of displ 
No. of | Duty | Extension|HD44780 HD44100H ND: OE reerey 
display | cict | .. characters. ..— 
i lines Serer) | 
Not | | , - 3 
cas Rg, ants 
1<iine seovided | 8 characters Xa. 922 
display 





80 characters X11 line | 


| Not | 
1/16 | provided 1 pe. 8 characters x2 lines 


duty | ) : 
| 4 pces.(8 characters 
pc x2 lines/pc) 40 characters x 2 lines 


* Wide range of instruction functions 


Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF, 


provided 





| 9 pcs. | 
provided =m iREe | (8 characters/pc.) 


Display character blink, Cursor shift, Display shift 
* Internal automatic reset circuit at power ON. (Internal reset circuit) 


-* Internal oscillation circuit (with external resistor or ceramic filter) 


(External clock operation possible) | 
* CMOS process 


* Logic power supply: A single + 5V (excluding power for liquid crystal 
| display drive) 


* Operation temperature range: -20 ~ +75°C 


(Device for -40 ~ +85°C available upon request) 


a 80-pin plastic flat package (FP-80) 
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GND 
OSC, 
eae 2 4 5 : 
om td @ 
gs 3 8 ———t 
aie Be Display Data 
+J 
RS mol | a aie hare 
gy na (DD RAM) & Y 16 neces. #, ees 
R/W ‘e 80x8 bits » 2 COM: ~CONie 
Ms 
E 2 ha 
et “ott t 
‘| 8 5 ells 
, [3 : oe 
DBo~DB;y iy a i 
a 3c m - 
ge Cnaracter OO 3 cS 
Ae Generator M4 00 
“rd ord be 40 
aaa 7 °s SEG,~SEG 
(CG RAM) | [oe ; i 
3) cob 
512 bits 7200 bits i YQ 
: V, Busy = bo 
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“isplay Drive| V. samalleljcriat paca . 
' V; Conversion Circuit 140-bit Shift Register}— - D 
. Parallel Data Sertal Data 


ed 


M ELECTRICAL CHARACTERISTICS 


@ Absolute Maximum Ratings 


I Item Symbol | Note 
| Power Supply Voltage (1) -0.3 to +7.0 Pye no 


V 
Power Supply Voltage (2) Vcc-13.5 to Vcct0.3 
| Input Voltage Vr -0.3 to Vect0.3 Pv fo 





2) 


Operating Temperature -20 to +75 
Storage Temperature -55 to +125 Ee 


‘) 


Note 1: If LSI's are used above absolute maximum ratings, they may 
be permanently destroyed. Using them within electrical 
characteristic limits is strongly recommended for normal 
operation. Use beyond these conditions will cause mal- 


function and poor reliability. 

Note.2: All voltage values are referenced to GND=OV. 

Nate 3: Applies to Vl to V5. Must maintain Vcc 2V1 2 V2 2V3 2V4 2V5 
| | (high + - low) 


@ Electrical Characteristics (Vcc =5V+10%, Ta =-20 to +75°C) 





Vcc @ = Vcc-V5 The conditions of Vj, Vs voltages are 
Vv) @® = Vcc-V1 for proper operation of the LSI and not 
os @®2 1.5v for the LCD output level. The LCD 
"5 ae @) < 0.25 xA drive voltage condition for the LCD 


output level is specified in "LCD 
voltage Vicp". 


er Test | Limit 
“|___condteion [sia Teyp [max | 


| cm Cosco 
Tfapat “aign” Woleage | vm | at - [vec fo 
Teper "tow" Voltage | Wy |e f= oe | 
}Output "High" Voltage (1) (TTL) | Your | -Toyn0-205ma | 2-4 | - | - [|v | | 
output “law Wolters @) CTL) | You | Yoiri.tn | - [>| oa v | 
Ovepue "asah voleane (2)(GHIS) | Voya |=gg-0-0ten | O-a¥eel =| - |v | @ 


[Driver Voltage Descending (Com) | Veon | 140.05 = [=| 29 [ ¥ [am 
[Driver Voltage Descending (S80) | Vere | 160.05 [| - [=] 3.8, ¥ [ao 
Tieput Leakage Current | i | Wier to vec | a [- [1 [me] | 


Power Supply Current (1) Ceramic filter | 
oscillation mA (6) 
Vec"5V, fosc™ 
250kHz ! | 


Power Supply Current (2) RE oscillation 
| External clock 
operation 
Voc", fosc™ 
fep=270kHz 






























External Clock Operacion 


Sd 
Ptopue “wigh” Voleese @ | Ym [| 
Cen 


Input “Low” Voltage (2) 











Pwoa| ses [30 P=] fos 


Note l: The following are I/O terminal configurations except for 


liquid crystal display output. © 


* Input Terminal | | 
Applicable Terminals: E | : Applicable Terminals: RS, R/W 


Ve Cc Vee Vec 








PMOS PMOS 
NMOS Pull Up MOS NMOS 
* Output Terminal 
applicable Terminals: CL), CL2, M, D 3 
¢ I/O Terminal 
Applicable Terminals: DBog to DB7 
cc\ MOS cc 
PMOS 
Enable 
Data 





(Output Circuit) 
(Tristate) 


Note 2: Input terminals and 1/0 terminals. Excludes OSC, terminals. 
Note 3: I/0 terminals. 
Note 4: Output terminals. 


Note 5: Current flowing through pull-up-MOS's and output drive MOS's is 


excluded. 


Note 6: Input/Output current is excluded. When input is at the inter- 
mediate level with CMOS, excessive current flows through the 
Sse input circuit to the power supply. wo avoid this, inovt level 


must be fixed at high or low. 


Note 7: External clock operation. 


Oscillator 






D 2 Th ” 
uty = Th 4 T!1 100% 





teen tren 


Note 8: Internal oscillator operation using oscillation resistor Rf. 


Osc, 
Rf Rf: kN 2 % 
OSC, 


Since oscillation frequency varies depending on OSC] and OSC? 
terminal capacity, wiring length for these terminals should be 


minimized. 


Note 9: Internal oscillator operation using a ceramic filter.is used. 


Ceramic filter: CSB250A (Murata) 
Rf: M2 +4102 
Cy: 680pF+102% 
Co: 680pF+10% 


r Or \ Rd: 3. 3k2#52 
Ceramic filter 





Note 10: Applies to both Vcoy and Vggg voltage drops. 
Vcom: From poer supply terminal Vcc, V1, V4, VS to each 
| - common signal terminal (COM} to COM}6) 
_VsEec: From power supply terminal Vcc, V2, V3, V5 to each 


x 


->oment signal eerminai (SES) este 


Note ll: Relation between operation frequency and current consumption 


is shown in this diagram. (Vcc = 5V) 


1.4 
leos 


(mA ) 





100 200 (800 400 $00 


fose or fep (kHz ) 
Note 12: Applied to OSC) terminal. 
Note 13: The condition for COM pin voltage drop (Vcoy) and SEG pin 
voltage drop (Vorc). | 


® Timing Characteristics 


Write Operation 


pe atnt 







; , Vie 


= 


( Vaild Data ) 


_ oS, 


Fig. 1 Bus Write Operation Sequence 
(Writing data from MPU to HD44780) 


Read Operation 


eo 





rw Vin, Views 
E | Vem 
Vous potas Von, 
tee Py 
| Vou WW valid Data } 
DBe~DBy | Vous | 
Ceres 


Fig. 2 Bus Read Operation Sequence 
(Reading out data from HD44780 to MPU) 


Interface Signal with Driver LSI HD44100H 





CL, 
CL: 
D 
M 
one 0.1 Vee 
ton 


Fig. 3 Sending Data to Driver LSI HD44100H 


"© BUS “liming Characteristics (Vcc =5.0V 410%, GND =OV, Ta =-20 to +75°C) 


Write Operation (Writing data from MPU to HD44780) 











Enable Cycle Time _ r 
“High” 


Enable Pulse Width | 

| level | q : 
Enable Rise/Fall Time tee, tee | Figs | - | 25[ no 
| a ON a TI 
a CM 


meter fw |e | | 


Read Operation (Reading data from HD44780 to MPU) 


ee niece 
cob pase wat [ER sm [ae —[ et owl ar 
eee tee ee tee 
te ERE 
aires tae own |e? | | o 





























@ Interface Signal with HD44100H Timing Characteristics 
(Vcc = 5: OV + 10%, GND =OV, ueeeo to +75°C) 






j q iT 
- Clock Pulse Width Highy’ 
level 

ee 
Clock Pulse Width "ie 
level 


of Delay Time 


.?, 
- 
09 
! 
pb 
>) 
© 
© 
5 
© 





e power Supply Conditions Using Internal Reset Circuit 


| Power Supply OFF Time _| tow | 


Since the internal reset circuit will not operate normally unless the 












preceding conditions are met, initialize by instruction. 


(Refer to "Initializing by Instruction") 


Vee 





O.1ms2t_.,.2 10ms Corr=lms 


(Note) topp stipulates the time of power OFF for power supply 
instantaneous dip or when power supply repeats ON and OFF. 


W Terminal Function 


Tabte 1. Functional Description of Terminals 


Function — 









Signal to select registers 
“O": Instruction register 
(for write) | 
Busy flag; address counter 
(for read) 
"1": Data register (for read and 
write) 


| to select read (R) and write (Wy 
Write 
Read | 
Operation start signal for data read/ 
| write 


























DB4 ~ Higher order 4 lines data bus with 
DB] bidirectional three-state. Used for 
data transfer between che MPU and 
the HD44780. DB7 can be used as a 
| BUSY flag. 
DBg ~ Lower order 4 lines data bus with 
DB3 bidirectional three-state. Used for 


data transfer between the MPU and the 
HD44780. These four are not used 
| during 4-bit operation. 


 Queput  HD44100H Clock to latch serial data D sent to 
| the driver LSI HD44100H. 


|__| ouepue  HD44100H | Clock to shift serial data D. 


HD44100H "Switch signal to convert liquid crys- 
| tal drive waveform to AC. 


 HD44100H | Character pattern data corresponding 
to each common signal is serially 
sent. 

"OO": Non selection 
"1": Selection 


Common signals that are not used are 
charged to non-selecction waveforms. 
That is, COMg ~COM)¢ are in non- 
selection waveform at 1/8 duty factor, 

and COM)2 ~COMy¢ are in non-selection 
waveform at 1/11 duty factor. 





































crystal 
display 








Segment signal 






Vy ~5 | Power | Power supply for liquid crystal 
supply display drive 


Vcc» GND Power | Vecs +5V, GND; OV 
supply | 





Terminals connected to resister or 
ceramic filter. for internal clock 
osillation. 

| For external clock operation, the 
Clock is input to OSC 







M FUNCTION OF EACH BLOCK 


(1) 


(2) 


(3) 


Register 


The HD44780 has two 8-bit registers, an instruction register (IR) and a 
data register (DR). | 





The IR stores instructiv%. uedes such as display clear and cursor shift, 


oid address information gor dispiay data "Asi \UD néil) and character. 


generator RAM (CG RAM). The IR can be written from the MPU but not read 
by the MPU. 


The DR temporarily stores data to be written into the DD RAM or the CG 
RAM and data to be read out from DD RAM or CG RAM. Data written into 
the DR from the MRU is automatically written into the DD RAM or the CG 
RAM by internal operation. The DR is also used for data storage when 
reading data from the DD RAM or the CG RAM. When address information 
is written into the IR, data is read into the DR from the DD RAM ae 
the CG RAM by internal operation. Data transfer to the MPU is then 
completed by the MPU reading-DR. After the MPU reads the DR, data 

in the DD RAM or CG RAM at the next address is sent to the DR for the 
next read from the MPU. Register selector (RS) signals make their 


selection from these two registers. 


Table 2 Register Selection 


en 
| 0 IR write as internal operation . (Display clear, etc.) 
Read busy flag (DB7) and address counter (DBg ~ DBg) 
So DR write as internal operation (DR to B® or CG RAM) 
DR read as internal operation (DD or CG RAM to DR) 











Busy flag (BF) 


When the busy flag is "1", the HD44780 is in the internal operation mode, 
and the next instruction will not be accepted. As Tble 2 shows, the 
busy flag is output to DB7z when RS=0 and R/W=l. Thenext instruction 
must be written after ensuring that the busy flag is "0". 


Address counter (AC) 





The address counter (AC) assigns addresses to DD asl GC RAMs. When an 
instruction for address is written in IR, the address fnformation is 


sent from IR t6 AC. Selection of either DD or CG.RM”is also determined 


concurrently by the instruction.. 


After writing into (or reading from) DD or CG RAM display data, AC is 
automatically incremented by +l (or decremented by -1). AC contents 
are output to DBo ~ DBg when RS=0 and R/W=1, as shown in Table 2. 


(4) Display data RAM cep RAM) gee. 


The aeepiay data RAM (DD RAM) stores deals dues emia in 8-bit 
character codes. Its capacity is 808 bits, or 80 characters. The 

display data RAM (DD RAM) that is not used for display can be used as 
a general data RAM. Relations between DD RAM addresses and positions 


on the liquid crystal display are shown below. 


The DD RAM address (App) is set in the Address Counter (AC) and is re- 


presented in hexadecimal. 





_Upper Order Lower Order 
+ +> 
Bits Bits 
: 
oie ~ \— Hexadecimal ~ 


(Example) DD RAM address "4E" 





V4 ——/ Lp ———_ 


l-line Display (N=0) 


2 Display 
<etgit) 3 oo, Position 


wie ([o[oofe] enn [|e] «a 
Address 


{a) When the display characters are less than 80, the display begins 
at the head position. For example, 8 characters using 1 HD44780 
are displayed as: 


Display 
digi 2 3 4 6 < 
cdtere) : ? ‘ : Position 


ne [on[ox] og] [oo] [ceo] - yn 
: Address 


When the display shift operation is performed, the DD RAM address 


moves as; 


(Left 
Shift 


03 | 02 | 03 [04 | 05 [06 [07 | 08 
Display) | | | 
(Right : 7 : 
tae CC UCC 


Display) 





(b) - 16-character display “sing an HO44780 ots HD446100H is as ~hown 













below: 
(digit) 1 2 3 4 5 6 7.8 9 10111213141516 + Display 
2 ars Position 
soe ofe]oeoxfos fo pfsfonoo eo fen] «a a 
Address 
\—— HD44780 Display——/ — HD44100H Display —” 
When the display shift operation is performed, the DD RAM address _ 
moves as: 
(Left : 
xno] o> oop 
Display * er 
(Right : : = Eee 
a PEPE PPP: 
Display) * : 


(c) The relation between display position and DD RAM address when the 
number of display digits is increased through the use of one 
HD44780 and two or more HD44100H's can be considered an extension 


of (b). 


Since the increase can be 8 digits for each additional HD44100H, 
up to 80 digits can be displayed by externally connecting 9 


HD44100H's. 


(digit)! 2 8 4 5 6 7 8 9 1011 12 18 16 15 16 17 18 19 20 187475 7677787980 , Display 
Positior 


, | | Address 


LL upsa780 — JL HD44100H(1) JL tN gy _N_#D44100H(9) __J 





Diaplay | Display Dieolay Display 
2-line Display (N=1) 
a  # | Displa 
. : 2 3 40, + 
ae : : | se | | | ee Positicrr 
: | | ue Address 
2—line 40 14114 42 Ah | cence erccvasccesseveces € 


(a} When the number of display characters is less than 40 x 2 lines, 
the 2 lines from the head are displayed. Note that the first line 
end address and the second line start address are not consecutive. 
For example, when an HD44780 is used, 8 characters * 2 lines are 


displayed as: 




















/ | feet Sp. | a a oe Display 
(digit, Doe 3 5 6 | 7 8 Pact eion 
wutne [Go] 01 [oe] 09] | o5f co [or] ~ mma 
ee F 7 Address 
When display shift is performed, the DD RAM address moves as: 
cote [ofr ]oa[ [os [oro 
Shift : 7 : 
nonw [a falas] sfelo fee 
oree 
Shift - : ; : , 7 
vena [e[@[afeafalule fo 





(b) 16 characters x 2 lines are displayed when an HD44780 and an 
HD44100H are used. 




















8 Display 
O + 
(digit) 1 - 3 4 5 a a 9 ade ee 15 16 ae 
soe fife forfoofo oon for] ~ on 
é a aa i Address 
ine [afi fof eo 
\—— HD44780 Display ——~*—— HD44100H Display — 
When display shift is performed, the DD RAM address moves as 
follows: 
ete [feo] nooo 0 
tis Lu afc ae 
san [foo i ooo foxx 
Shift | ——}———+ — 





(c) The relation between display position and DD RAM address when the 
number of display digits is increased by using one HD44780 and two 


or more HD44100H's, can be considered an extension of <b 


Since the increase can be 8 digits x 2 lines for each additional 
HD44100H, up to 40 digits 2 lines can be displayed by connecting 
4 HD44780's externally. 











(digit)! ? 3 4¢ 5 6 7 8 9 101) 12 13 146 15 16 17 18 19 20 83 3 35 36 87 88 89 40-Display 
position 

1-aine {ff ncn eon] -—---]oof leo wpDD Ra 
address 

2-nae fo fff offal | oles] —---lefef of lo ol sage 


| _ HD44780 [\_HD44100H(1) _f\__ HD44100H_ f| HD44100H(4) _| 
Display Display (2) (3) Display 

7 i Display 

(5) Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 7 dot or 5 * 10 dot character 
patterns from 8-bit character codes. It can generate 160 types of 5 x 
7 dot character patterns ane 32 ewes of 5 x 10° dot diaraoter patterns. 
Table 3 and 4 show the relation between character codes and character. 
patterns in the Hitachi standard HD44780A00. User defined character 

patterns are also available by mask-programming ROM. For details, see 


"The LCD-IT (HD44780) Breadboard User's Manual". 


(6) Character Generator RAM (CG RAM) 


The character generator RAM is the RAM with which the user can rewrite 
character patterns by program. With 5 x 7 dots, 8 byptes of character 
patterns can be written and with 5 x 10 dots 4 types can be written. 
Write the character codes in the left columns of Tables 3 and 4 to dis- 


play character patterns stored in CG RAM. 


Table 5 shows the relation between CG RAM addresses and data and display 


patterns. 


As Table 5 shows, an area that is not used for display can be used as a 


general data RAM. 


Table 3 Correspondence between Character Codes and Character Pattern 


Highe 
peeves. =tuit 


KKOOOO 


= DERE 


(Hitachi Standard HD44780A00) 


CRIT SOOO como 
J “i 
Tn. Uh 














eC SLE es 
cow EET IEEE, ETE TEI ala 


aon | RISE ela AF 
now IE Sa 
oon ETT 




















Eide aeslteltm ii 





ow (oA bela Se 
= =ISETE EaalTLTy 


row [FTE LTTE TS 











— PEE EER EE fy 
Sass ee 














* The user can specify any pattern for ope seieoaen arse ROM. 


Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM) 


and ila Patterns (CG RAM Data) 


(a) For 5 x7 dot character patterns 


Character ‘Codes CG RAM Character Patterns 
(DD RAM Date) Address (CG RAM Data) 


Higher 


0000%x* 0 0 0 


0000%** 00 } 


(Note) 












b 6 S$ 4 8 oe 5 4 8 2 1 °0 6548 2 1 0 
' f * ete Higher tover’ | TG her borer’ | ar 
~~ Rs rt lent ttt Bits its et Pi 

. ee ees 


Character 
Pattern 
Example (1) 


Cursor 
+ Position 


~~ ~ mw © OO CO 
—- oH Ow Ow OO 








0 0 0 
00 1 
0 1 0 Character 
011 Pattern 
1 0 0 Example (2) 
101 
1 1 0 
111 

*No effect 


Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5 
(3 bits: 8 types). 


CG RAM address bits 0 ~ 2 designate character pattern line posi- 
tion. The 8th line is the cursor position and display is performe 
in logical OR by the cursor. 


Maintain the 8th line data, corresponding to the cursor display | 


position, in the "0" state for cursor display. When the 8th line 
data is "1", bit 1 lights up regardless of cursor existence. 


Character pattern row positions correspond to CG RAM data bits 
O ~ 4, as shown in the figure (bit 4 being at the left end). 
Since CG RAM data bits 5 ~ 7 are not used for display, they can 
be used for the general data RAM. 


As shown in Table 3 and 4, CG RAM character patterns are selected 
when character code bits i ~ 7 are all "O". However, since @»r- 
acter code bit 3 is a ineffective bit,the "R" display in the 
character pattern example, is selected by character code "00" 
(hexadecimal) or "08" (hexadecimal). 


"i" for CG RAM data corresponds to selection for display and "0" 


| tar nance inotion, . 


(b) For 5 x10 dot character patterns 


a 
(DD RAM Pata) Address 
7 65 @ 8 2 


Higher 


tder 
ics 





0000%X* 00 * 


—_m 2 aw ew ee ww ew ow ew ew ee ee oe F —_ = = ew «ep am 


Character Patterns 
(CG RAM Data) 


oT Tek i 5 48 2 1 Of 
Bg yi 





oe 
Order 
Bits 






Character 
Pattern 
_ Exampte 


eS: 
ROSS 


2 mv. ~ 
* . 


ooo Oo o Re 






Cursor 
+ Position 











x 
HK 
x 
va 
* 












% 
% 
% 
¥ 
¥ 
* 
ava 
* 





- CF - CO m~ 


*No Effect 


Character code bits 1, 2 correspond to CG RAM address bits 4, 5 
(2 bits: 4 types). 


CG RAM address bits 0 ~ 3 designate character pattern line posi- 
tion. The llth line is the cursor position and display is per- 
formed in logical OR with cursor. 


Maintain the llth line data corresponding to the cursor display 
position in the "0" state for cursor display. When the llth 
line data is "1", bit 1 lights up regardless of cursor existence. 
Since the 12th ~ 16th lines are not used for display, they can 
be used for the general data RAM. 


Character pattern row positions are the same as 5 x 7 dot character 
pattern positions. 


CG RAM character patterns are selected when character code bits 

4 7 are all "OO". However, since character code bit O and 3 are 
ineffective bits, "P" display in the character pattern example 

is selected by character code "00", "O01", "08" and "09" (hexa- 
decimal). 


"1" for CG RAM data corresponds to selection for display and "0" 
for non-selection. 


(7) 


(8) 


(9) 


Timing Generation Circuit 


The timing generation circuit generates timing signals to operate interna 
circuits such as DD RAM, CG ROM and CG RAM. RAM read timing needed | 


display and internal operation timing by MPU access are separately gen- 


e.ated SO they do not interfere with each other. Therefore, when writin: 


ios 


data to the DD RAM, for example, there will be no pereieabie influence, 
such as flickering, in areas other than the display area. This circuit 


also generates timing signals to operate the externally connected driver 


LSI HD44100H. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 16 common signal 
drivers and 40 segment signal drivers. When character font and number 
of lines are selected by a program, tue reyuired common signal drivers 


automatically output drive waveforms, the other common signal drivers 


continue to output non-selection waveforms. 


The segment signal driver has essentially the same configuration as the 
driver LSI HD44100H. Character pattern data is sent serially through a 
40-bit shift register and latched when all needed data has arrived. The 


latched data controls the driver for generating drive waveform outputs. 


The serial data is sent to the HD44100H, externally connected in cascade, 


used for display digit number extension. 


Send of serial data always starts at the display data character pattern 
corresponding to the last address of the display data RAM (DD RAM). 

Since serial data is latched when the display data character pattern, 
corresponding to the starting address, enters the internal shift register, 
the HD44780 drives the head display. The rest displays, corresponding to 
latter addresses, are added with each additional HD44100H. 


Cursor/Blink Control Circuit 


This is the circuit that generates the cursor or blink. The cursor or 


the blink appear in the digit residing at the display data RAM (DD RAM) 


address set in the address counter (AC). 


When the address counter is (08)16, a cursor position is: 


ina 1-line display 


2nd cave 


AC6 ACS AC4 AC3 AC2 AC1 ACO 











Display 
(digit) 1 10 ll * Position 
"PPPEEEPErrl -S 
Address 
(Hexadecimal) 
the cursor position 
In a 2-ine display 
Display 
(digit) 1 10 11 * Position 
rd CCIE ICICI eee 
Address 


(Hexadecimal) 


ofa lelolafs fale pelolal | 


the cursor position 





(Note) The cursor or blink appears when the address counter (ACY _ 
selects the character generator RAM (CG RAM). But the cursor 
and blink are meaningless. ‘ 


The cursor or blink is displayed in the meaningless position 
when AC is the CG RAM address. 


M INTERFACING TO MPU 


In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit l-opera- 


tion so it can interace to both 4 and 8 bit MPU's. 


(1) When interface data is 4-bits long, data is transferred using only 4 


buses: DB, ~DB7. DBo ~DB3 are not used. Data transfer between the 
HD44780 and the MPU completes when 4-bit data is transferred twice. 
Data of the higher order 4 bits (contents of DB4 ~DB7 when interface 
data is 8 bits long) is transferred first, then the lower order 4 bits 


(content of DBp ~DB3 when interface data is 8 bits long) is transferred. 


Check the busy flag after 4-bit data has been transferred twice (one 
instruction). A 4-bit 2-operation will then transfer the busy flag and 


address counter data. 





Instruction (IR) Busy Falg (BF) and Data Register (DR) 
Write | Address Counter (AC) Read 
Read 


Fig. 4 4-bit Data Transfer Example 


(2) When-interface data is 8 bits long, data is transferred using the 8 data 
| buses of DBo ~ DB7. 


MW RESET FUNCTION 


© Initializing by Internal Reset Circuit 


The HD44780 automatically initializes (resets) when power is turned on 
using the internal reset circuit. The following instructions are executed 
in initialization. The busy flag (BF) is kept in busy state until initi- 


alization ends. (BF=l) The busy state is 10 ms after Vcc rises to 4.5V. 
(1) Display clear 


(2) Function ser ..... Shs Adeiate ~»e- DL=l : 8 bit long interface data 
N =O : l-line display 


F =0 : 5 x7 dot character font 


(3) Display ON/OFF control ...... D =O : Display OFF 
C =0 : Cursor OFF 
B =O : Blink OFF 


(4) Entry mode set ...........00- I/D=l: +l (increment) 
S =0 : No shift 


(Note) When conditions in "Power Supply Conditions Using Internal Reset 
| Circuit" are not met, the internal reset circuit with not operate 
~ normally and initialization will not be performed. In this case 
initialize by MPU according to “Initializing by Instruction". 


- BPINSTRUCTION 


® Outline 


Onky two HD44780 registers, the Instruction Register (IR) and the Data 
Register (DR) can be directly controlled by the MPU. Prior to internal 
operation start, control information is temporarily stored in these reg- 
isters, to allow interface from HD44780 internal operation to various types 
of MPUs which operate in different speeds or to allow interface to peri- 
pheral control ICs. HD44780 internal operation is determined by signals 
sent from the MPU. These signals include register selection signals (RS}, 
read/write signals (R/W) and data bus signals (DBg ~DB7), and are called 
instructions, here. Table 5 shows the instructions and their execution 


time. Details are explained in subsequent sections. 


Instructions are of 4 types, those that, 


(1) Designate HD44780 functions such as display format, data length, etc. 


(2) Give internal RAM addresses. 
(3) Perform data transfer with internal RAM 


(4) Others 


In normal use, category (3) instructions are used most frequently. However, 
automatic incrementing by +} (or decrementing by -1) of HD44780 internal 
RAM addresses after each data write lessens the MPU program load. The dis- 
play shift is especially able to perform concurrently with display data 
write, enabling the user to develop systems in minimum time with maximum 
programing efficiency. For an explanation of the shift function in its 


relation to display, see Table 7. 


When an instruction is executing during internal operation, no instruction 
other than the busy flag/address read instruction will be executed. 
Because the busy flag is set to "1" while an instruction is being executed, 


check to make sure it is on "1" before sending an instruction from the MPU. 


(Note) Make sure the HD44780 is not in the busy state (BF=0) before send= 
: ing the instruction from the MPU to the HD44780. If the inst 
'ifon is sent without checking the busy flag, the time between 
first and next instructions is much longer than the instruction 


time. See Table 5 for a list of each instruction execution time. 


Table 5 Instructions 


selhoneslicommianl meme ~ 


Execution time 
Code (max ) 


el aS a SG cen? 
R/W]DB7 [DBg, DB) [DBp : (when fcp or 

fosc is 250kHz) 

clears entire display and secs [| 


DD RAM address O in address 
gf tel 


Sets DD RAM address O in adress 
counter. Also returns dispkay 
being shifted co original 
position. DD RAM contents 
remain unchanged. 






















Return 
Home 













Sets cursor move direction and 
specifies shift of display. 

These operations are performed 
during data write and read. 


Sets ON/OFF of entire display 
.(D}, cursor ON/OFF (C), and 
blink of cursor position 
‘character (B). 





40us_ 

















Moves cursor and shifts display 
without changing DD RAM — 
‘contents. 










Cursor or 
Display 
Shift 








Sets interface data length (DL), 
number of display lines (L) | 40;8 —- 
jand character font (F). 


Sets CG RAM address. CC RAM 
data is sent and received 
after chis setting. 


‘Sets DD RAM address. DD RAM 
data is sence and received after 
this setting. 


Reads Busy flag (BF) indicating 

internal operation is being 
performed and reads address 
counter contents. 






Function 
Set 







































Sect DD RAM 
Address 







Read 
Busy Flag 
& Address 



















Wrice Data 
to CG or 


DD RAM 


Read Data 
from CG or 
DD RAM 


Wrices data into DD RAM or 
CG RAM. 





11] 0 Write Data 























Read Data Reads data from DD RAM or 














Display data RAM Execution cime 
Character generator RAM/ changes when | 
CG RAM address frequency changes. | 
is RAM meee (Example) 

orresponds to cursor “When fcp or fosc 






Increment DD RAM 
I/D=O : Decremenc CG RAM 
S =l : Accompanies display shift. 
Display shife 

Cursor move 

















































R/L=1 : Shift to the right. _ address. 5 270kHz: 
R/L=O : Shifts co che left. AC : Address counter used a 
DL =1 7 8 bits, DL=0 : 4 bits. for boch DD and CG RAM | , 1, «259 3n55 
N =l : 2 lines, N=0:1 line address. 270 


F =l : 5x10 dots, F=0 : 5x7 dots 
» : Iaternally operating 
: Can accept instruction 










we Oe MA EE Fae em... 


Description of Details 


(1) 


(2) 


(3) 


Clear i ae 


RS R/W DB7 DBg. 


ca Sooggogooo0n| 





Writes space code "20" ieee imnisncnaes eee Te character 


code "20" must be blank pattern) into all DD RAM “addresses. Sets DD 
RAM address 0 in address counter. Returns display to its original 
status if it was shifted. In other words, the display disappears and 
the cursor or blink go to the left edge of the dispaly (the first 
line if 2 lines are displayed). Set I/D=1 (Increment Mode) of Entry 


Mode. S of Entry Mode doesn't change. 


Return Home 





RS R/W DB7 DBQ 


* Don't care 


Sets he DD RAM address 0 in adeees: counter. Returns display to its 
original status if it was shifted. DD RAM contents do not change. 

The cursor or blink go to the left edge of the eae (the first 
line if 2 lines are grephayed?: 


Entry Mode Set 





RS R/W DB7 DBO © 


coae [oJ 0} of o} of of of ofr s | 


I/D: Increments (I/D=1) or decrements (I/D=0) the DD RAM address by 1 
when a character code is written into or read from the DD RAM. 
The cursor or blink moves to the right when incremented by 1 and 
to the left when decremented by 1. The same applies to writing 
and reading of CG RAM. 


S : Shifts the entire display either to the right or to the left 
when S is 1; to the left when I/D=1 and to the right when I/D=0. © 
Thus it looks as if the cursor stands still and the display moves. 
The display does not shift when reading from the DD RAM when 
writing into or reading out from the CG RAM does it shift when 
s=0. | 


(4) Display ON/OFF Control 


RS R/W DB; DBg 


~~ PPPPPPEEEE 


D : The display is ON when D=1 and OFF when D=0. When off due to 





D=0, display data remains in the DD RAM. It can be displayed 
immediately by setting D=l. 


C : The cursor disphays when C=l and does not display when c=0. 
Even if the cursor disappears, the function of I/D, etc. does 
not change during display data write. The cursor is displayed 
using 5 dots in the 8th line when the 5 * 7 dot character font 
is selected and 5 dots in the llth tine when the 5 x 10 dot 


character font is selected. 


B : The character indicated by the cursor blinks when B=1. The 
blink is displayed by switching between all blank dots and 
diSplay characters at 409.6ms interval when fcp or fosc=250kHz. 
The cursor and the blink can be set to display simultaneously. 
(The blink frequency changes according to the reciprocal of fcp 


0 
770 7 379.2ms when fcp=270kHz.) 





or fosc. 409.6 x 





aaa 
~ 
CurSOT__ am 
5x7 dot character 5%*10 dot character Alternating display 
font font 
(a) Cursor Display Example (b) Blink Display Example 


(5) Cursor or Display Shift 





RS R/W DB7 — DBg 


Cod 
te [ojo [ofolo |}: |srcle}* | * | « ponte care 


Shifts cursor position or display to the right or left without writing 
or reading display data. This function is used to correct or search 
for the display. In a 2-line display, the cursor moves to the 2nd 
line when it passes the 40th digit of the lst line. Notice that the 
lst and 2nd line displays will shift at the same time. When the dis- 
played data is shifted repeatedly each line only moves horizontally. 


Mek BF 


Th e . 2 n d 3,88 Li ne : Ai mM. 1 ae WO AO OR: ae rs oe aah. BoB, Bre ad vane oS wert ee Mees Mago poke att: earls gee TE a CR Spe as 


(6) 


S/C  R/L 


0 0 Shifts the cursor position to the left. 
(AC is decremented by one.) 


0 1 Shifts the cursor position to the right. 
(AC is incremented by one.) 


1 O Shifts the entire display to the left. The cursor 
| follows the display shift. | iy. 3 = 


| . 1 Shifts the entire display to the right. The cursor 
follows the display shift. 


Address counter (AC) contents do not change if the only action per- 
formed is shift display. 
Function Set 


RS R/W DB? DBO | 
coe | 0} of of of 2] mi si Fi *[* |x coonte cared 


DL : Sets interface data length. Data*is sent or received in 8 bit 
“lengths (DB7 ~DBg) when DEL=1 and in 4 bit lengths (DB7 ~ DB4) | 
when DL=0. | | 





When the 4 bit length is selected, data must be sent or received 


twice. 
N : Sets number of display lines. 


F : Sets character font. 


(Note) Perform the function at the head of the program before 
executing all instructions (except "Busy flag/address 












changed. 
Remarks 


read"). From this point, the function set instruction. 
Character | Duty 
font factor 
es 
1 * ae 5 x7 dots 1/16 Cannot display 2 lines with 
5 x10 dot character font. 


cannot be executed unless the interface data length is 





* (Don't care) 


(7) 


(8) 


(9) 


Set CG RAM Address 





RS R/W DB7 





hes A 7 
Higher = Lower, 
Order Bits. Order Bits 


Sets the CG RAM address into the address counter in binary AAAAAA. 
Data is then written or read from the MPU for the CG RAM. 


Set DD RAM Address 





Higher | Lower ‘ 
Order Bits Order Bits 


Sets the DD RAM address into the address counter in binary AAAAAAA. 

Data is then written or read from the MPU for the DD RAM. 

However, when N=0 (l-line display), AAAAAAA is "00" ~"4F" (hexadecimal). 
when N=l (2-line display), AAAAAAA is "00" ~ "27" (hexadecimal) 
for the first line, and "40"~"67" (hexadecimal) for the 


second line. 


Read Busy Flag and Address 








RS R/W DB7 DBO 

ora KER CUCSERESENENEVES 
Higher. Lower % 

Order Bits Order Bits 


Reads the busy flag (BF) that indicates the system is now internally 
operating by a previously received instruction. BF=l indicates that 
internal operation is in progress. The next instruction will not be 
accepted until BF is set to "0". Check the BF status before the 


next wire operation. 


At the same time, the value of the address counter expressed in binary 
AAAAAAA is read out. The address counter is used by both CG and DD 
RAM addresses, and its value is determined by the previous instruction. 


Address contents are the same as in Items (7) and (8). 


(10) 


(11) 


Write Data to CG or DD RAM 


RS R/W DH7 


coe | CREEPEPEEE) 


Higher Lower — 
‘rder Bits '  . Order Bits 


t 


kien: binary 8 bit data DDDDDDDD to the CG or she DD RAM . 


Whether the CG or DD RAM is to be written into is determined by the 
previous specification of CG RAM or DD RAM address setting. After 
write, the address is automatically incremented or decremented by 1 
according to entry mode. The entry mode also determines display 


shift. 


Read Data from CG or DD RAM 


RS R/W DB7  -DBg 


wae OR OOOO 


Higher | ~ Lower sie 
Order Bits Order Bits 


Reads binary 8 bit data DDDDDDDD from the CG or DD RAM. 


The previous designation determines whether the CG or DD RAM is to be 


read. Before entering the read instruction rou must execute either 





the CG RAM or DD RAM address set instruction. If you don't, the 





first read data will be invalidated. When serially executing the 








"read'' instruction, the next address data is normally read from the 
second read. The "address set" iristruction need not be executed just 
before the “read" instruction when shifting the cursor by cursor 
shift instruction (when reading out DD RAM). The cursor shift in 
struction operation is the same as that of the DD RAM's address set 


instruction. 


After a read, the entry mode automatically increases or decreases the 
address by 1. However, display shift is not executed no matter what 


the entry mode is. 


(Note) The address counter (AC) is automatically incremented or 
decremented by 1 after "write" instructions to either CG RX 
or DD RAM. RAM data selected by the AC cannot then be read 
out even if. "read" instructions aré executed. | ‘The conditions 


aoe correct data read. out, are: “execute either che address. set 


“instruction of @drsor' Shife’ instruction (only with DD RAM), 
just before reading out execute the "read" instruction from 


the second time the "read" instruction is serial. 


M HOW TO USE THE HD44780 


@® Interface to MPU 


(1) Interface to 8-bit MPU 
RS 


ee A, Seen Gi eee 2a eee A eee a See 


\ 
Internal Internal Operation 





Instruction 
Write 


Instruction 
.. Write 


Busy Flag 
Check 


Busy Flag 
Check 


Busy Flag 
Check 














Fig. 5 Exampte of Busy Flag Check Timing Sequence 


Qa). When connecting to 8-bit MPU through PIA 


Fig. 6-2 is an example of using a PIA or I/O port (for single chip 
microcomputer) as an interface device. Input and output of the 


device is TTL compatible. 


In the example, PBo to PB7 are connected to the data buses DBQ to 
DB7 and PAO to PA2 are connected to E, R/W and RS respectively. 


Pay attention to the timing relation between E and other signals 


when reading or writing data and using PIA as an interface. 


PAaF COM, ~ 
COM,, Connected 


PA, Ff to Liquid 
HD 44780 Crystal 


HD68B00 PAo Booey 


SEG,~ 
HD6é 8Boo SEG ,, 


PBo~PByr 





HD68B00: 8 bit CPU 


(2) Connecting directly to 


po) ee 


Me 


HDeso0o0 
R/W 


Do ~ Daj 


(3) Example of interfacing 












HD6é805 


HD6301 Pp, 


~ Piz 





the 8-bit MPU bus line 





| COM, | 
E ~COMie [- 
! HD4¢¢780 | | connected 
SEG, sa 
~SEG 
DBy~DB? y 
to the HD6805 
16 
aa ame at 
Connected 
11D4+4780 to LCD 









RS SEG, 


~S EGyo 


COM, 16 
~—COM 16 
. Connected 
HD44780 
to LCD. 
DByo~DB? 40 


SEG, 
~S EG.o 


(2) 


Interface to 4-bit MPU 


The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU I/O 
port. If the I/O port has enough bits, data can be transferred in 
8-bitc lengths, but .tf the bits are insufficient, the Paneer is made 
in. two operations of 4 bits each (with designation of interface data 
length for 4 bits). In the latter case, the timing sequence becomes 


somewhat complex. (See Fig. 7) 
Fig. 8 shows an example of interface to the HMCS43C. 


Note that 2 cycles are needed for the busy flag check as well as the 


data transfer. 4-bit operation is selected by program. 


RS 





: | 
: | | 


Internal _—siffimternal=—s—“‘i(LSs™™6™6™m™m™m™m™m™m™m™m™UCUet~—C 





Operation % 
FI4I | No 
DBs CLA Busy 
Instruction; Busy Flag Busy Flag ;Instruction 
Write Check | Check Write 








(Note) IR?7, IR3: Instruction 7th bit, 3rd bit 
AC3 : Address Counter 3rd bit 


Fig. 7 An Example of 4-bit Data Transfer Timing Sequence 






COM,~ 








COM,, Connected 
HD44780 to Liquid 
Crystal 
Display 


SEC,~ 
/DB.~DB, SEG,, 






HMCS43C: Hitachi 4-bit single-chip microcomputer 


Fig. 8 Example of Interface to the HMCS43C 


interface to Liquid Urystal Uispiay ~ 
(1) Character Font and Number of Lines 


The HD44780 can perform 2 types of display, 5 *7 dots and 510 dots” 


as character font, with a cursor on each. 


Up to 2 lines are displayed with 5 x7 dots and 1 line with 5 x10 dots. 


Therefore, three types of common signals are available: 


Number of | “Number of Duty 
Lines Common Signals | Factor 
> X77 dots + Cursor 


ee 


ll 


Number of lines and font types can be selected by program. 








Character Font 









(See to Table 5 Instruction) 
(2) Connection to HD44780 and Liquid Crystal Display 


Fig. 9 (1) and (2) show connection examples. 


Liquid Crystal 
Display Panel 
(8 characters 
x 1 lines) 


(a) Example of a 57 dot, 8 character x 1 line Display 
(1/4 Bias, 1/8 Duty) 















Fs DS HS Ree ae EES 
BEG SS S Ae EE EE APE 
od 






Liquid Crystal 

Display Panel 
(8 characters 
x 1 line) 


(b) Example of a 5x10 dot, 8 character x 1 line Display 
(1/4 Bias, 1/8 Duty) 


Fig. 9 (1) Liquid Crystat Display and Connections to H044780 






















SEES DOA 99 WD 300. 
.f as 3553 S375. 
° —« a 346 
| SES BED 0 9033 
bg ES DSS) 01h: ee 
oe HHA [{_ 
en dL i) are 
fi Eomemaans as ODO S eS 3au6 
ESD 6 6a © & 99 Caper anna CTSUETEOTS 
ty ty | ee eee cee 
11101) 





Liquid Crystal 

Display Panel 
(8 characters 
x 2 lines) 


(c) Example of 5 *7 dot, 8 character < 2 lines Display 
(1/5 Bias, 1/16 Duty) 


Fig. 9 (2) Liquid Crystal Display and Connection to HD44780 


Sincé 5 signak lines at the SEG can dispkay one digit, one HD44:780 can 
display up to 8 digits for l-line display and 16 digits for 2-line 
display. 


In Fig. 9 examples (a) and (b), there are unused common signal termi- 
nals, non-selection waveforms which always output. When the liquid 
crystal display panel has unused extra scanning lines, avoid unde- 
sirable influences due to cross-talk in the floating state by con- 


necting the extra scanning lines to these common signal terminals. 















 inaedhieonnetebenanel epee SL TTS 
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5 *7 dot, 8 character * 1 line Display (1/4 Bias, 1/8 Duty) 


Fig. 10 Using COMg to Avoid Cross-talk on Unneeded Scanning Line 


(3) Connection of Changed Matrix Layout 


In the preceding examples, the number of lines was matched to the | 
number of scanning lines. The following display types are possible 
by changing che matrix layout in the liquid crystal display panel 


wen. 










© COM, 





COM. 


SEG: 
HD44780 : 


SEGao 
COM, 


COM,, 






(a) 5 x7 dot, 16 character x 1 line Display 
(1/5 Bias, 1/16 Duty) 





(b) 5x7 dot, 4 character x 2 line Display 
(1/4 Bias, 1/8 Duty) 


Fig. 11 Changed Matrix Layout Displays 


In either case, the only change is the layout. Display characteri-. 

stics and the number of liquid crystal display characters are depent 
ent on the number of common signals (or duty factor). Note that che 
display data RAM (DD RAM) addresses for 8 characters x 2 lines and 


ate 6 characte es ie i : 1 ine are the ae Same .as. ~shown..in a Fig... ae meat Ne Co Gobet a TL 


@ Power Supply for Liquid Crystal Display Drive 
Various voltage levels must be applied to HD44780 terminals V} to V5 to 
obtain liquid crystal display drive waveforms. The voltages must be 
changed according to duty factor. Table 6 shows the relation. 


veer 


Table 5 Juty Factor and Power Supply for Liquid Crystal Display Driv 





Vicp gives the peak values for liquid crystal display drive waveforms. 


Resistance dividing provides each voltage as shown in Fig. 13. 





co(+5V) Vec (+5V) 
R 
R 
‘icp R | Yep 
R 
SR 
VR 
V 
(a) 1/4 Bias (b) 1/5 Bias 
(1/8, 1/11 Duty) | (k/16 Duty) 


Fig. 13 Drive Voltage Supply Example 


@ Relation between Oscillation Frequency and Liquid Crystal Display Frame 


Frequency 


» The following examples of liquid crystal display frame frequency apply 


only when oscillation frequency is 250kHz. (1 clock = 4us) 


400 clock - 
| 1 | 2 | 8 | 4 | Sipe Sas | 8 | i | 2 | 


V 
Sa A i ee eee eersennmnes 
Vi (Vs ) 4+ 4+ 
Pee ha ee 


V —| 
a a a ead 


l frame = 4 (us) x 400 x 8 = 12800 (us) = 12.8 (ms) 


Frame frequency = Sh Gay i eee GS 








(2) «1/11 Duty 


1 frame = 4 (us) x 400 x 11 = 17600 (Us) = 17.6 (ms) 


1 
Frame frequency = ie Gay: 56.8 (Hz) 


(3) 1/16 Duty 


2 200 clock 


— 1 frame eininitee 


12800 (us) = 12.8 (ms) 


| 


1 frame = 4 (us) x 200 x 16 


1 


Frame frequency = 12.8 (ms) 78.1 (Hz) 


@ Connection with Driver LS} HD44100H 


You can increase the number of display digits by externally connecting a 


liquid crystal display driver LSI HD44100H to the HD44780. 


When connected to the HD44780, the HD44100H is used as segment signal 
driver. The HD44100H can be connected to the HD44780 directly since it 
“supplies CL}, CL2, M and D signals and power for liquid crystal display 


drive. Fig. 14 shows a connection example. 


Caution: Connection of voltage supply terminals V) through Ve for liquid 
crystal display drive is complicated. 


Up to 9 units of the HD44100H can be connected for l-line display (duty 
factor 1/8 or 1/11) and up to 4 units for the 2-line display (duty factor 
1/16). RAM size limits the HD44780 to a maximum of 80 character display 
digits. The connection method in Fig. 14 remains unchanged for both 


l-line and 2-line display or both 5 x7 and 5 x10 dot character fonts. 





COM,~COM,,[ 16) » ~ 
( COM: ~COMa) 


Dot Matrix Liquid Crystal Display Panel 


_ oie 
7. 
DL; 


1 ™ Y 









HD 44100 H HD 44100 H | 


DS eg aL, See DL, Yp ee YueDRs 


DL, 


fe A 
TTT 
aa ee Le eee Lae 
ee ees 7 7 F 


% 
¥ 
a ae eT Trerii am ome am a 





HD¢44780 


Fig. 14 Example of Connecting HD44100H to HD44780 


@ Instruction and Display Correspondence 


(1) 


are 


8-bit operation, 8-digit =< l-line display (using internal reset) 
Table ? shows an example of 8-bit x l-line dispkay in 8-bit operation. 


The HD44780 functions must be set by Function Set prior to display. 
Sineq-the-display'data RAM éan store data for 80 characters, as ex- 


-phained before, the RAM can be used for displays like the lightening 


(2) 


(3). 


board when combined with display shift operation. 


Since the display shift operation changes display position on}y and 
DD RAM contents remain unchanged, disptay data entered first can be 


output when the return home operation is performed. 


4-bit operation, 8-digit x l-line display (using internal reset) 


The program must set functions prior to 4-bit operation. Table 8 


shows an example. When power is turned on, 8-bit operation is auto- 
matically selected and the first write is performed as an 8-bit 
operation. Since nothing is connected to DBg ~DB3, a rewrite is then 
required. However, since one operation is completed in two accesses 


of 4-bit operation, a rewrite is needed as a function (see Table 8). 


Thus, DB, ~DB7 of the function set is written twice. 


8-bit operation, 8-digit = 2-lkine display 


For 2-line display, the cursor automatically moves from the first to 
the second line after the 40th digit of the lst line has been written. 
Thus, if there are only 8 characters in the first line, the DD RAM 
address must again be set after the 8th character is completed. 

(See Table 9) Note that the first and second lines of the display 
shift are performed. In the example, the display shift is performed 
when the cursor is on the second line. However, if shift operation 
is performed when the cursor is on the first line, both the first and 
second lines move together. When you repeat the shift, the display 
of the second line will not move to the first line, the same display 


will only move within each line many times. 


(Note) When using the internal reset, the conditions in "Power 
Supply Condition Using Internal Reset Circuit" must be 
satisfied. If not, the HD44780 must be initialized by 


: 4 


instruction. (See "Initializing by Instruction") 


Table 7 8-bit Operation, 8-digit l-line Disptay Example(Using Internal Reset) 


| Power supply ON (HD44780 : | : en, 
l | is era by the fe 3 gd | Inicialized. No display ,» 
| internal reset circuit) 7 on a. aPpecerse-* 2% ra 





g ee F POS he . : f : re SAE BO ae bs ; . Ao vaaata ae 
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Senet 6 Lek “ eth Ee Read ae mS ep aetna AiO ET Re Wes LE BR pS = TSE: Myedenetienns io nema Ata TIRE RASA aE RSL to te AEE Sheen Bachna tag SN ARE RR” 2 8. BEGETS gid BE 
: “ ia . are a AS pals ate era ee ‘ iy “ ; 
SE pent eee . ri need : ai 













| * Seis to 8-bic opevacion 
Function Set _ | and selects l-line display | 
RS R/W DBz7 ————_______— DBg- [rd lines and character font. 

00001100 * ) (Number of display lines | 
| | and character fonts cannot | 
be changed hereafter.) 






Turns on display and cur- 
sor. Entire display is 
in space mode because of 
initialization. 






Display ON/OFF Control 
000 0 0 0 1 21 21 +0 















Secujymode to ;increment the 
address by one and to ~ 
shift the cursor to the 
right at the time of write 
to the DD/CG RAM. | 
Display is not shifted. 






Entry Mode Set 
00 0°70 00 01 1 0 











Write "HH". The DD RAM has 
already been selected by 
|-initialization when the 


power is turned on. 































Write Data to CG RAM/DD RAM | 


1oo31.o0010 0 0 
; | The cursor is incremented 


by one and shifted to the | 
right. je 





Write Data to CG RAM/DD RAM 
1001003410 0ii121 





Writes "I". 






Sets mode for display 





Entry Mode Set 


0000000111 shift at the time of 


write. 


Write Data to CG RAM/DD RAM =a 
jo | 00010000 0 ITACHI Writes "Space". 









‘Write Data to CG RAM/DD RAM . | as 
Ear oo a oe ag a | ee Writes "M"'. 
pe f. Fe 


-. | Cursor or DispYay Shift 
}0 0000100 « 


Write Data to CG RAM/DD RAM 
1o o1.zoO Qo 1 1 421 =4 


Cursor or Disphkay Shift 
0 0 0 0 0 1 0.0 *% *- 


7 vege 
serch aeLy BE ‘ea RTA BE atom 


MICROKO 


: omer 
: Cn : a 
Baie we 


MICROKO 


LA + aa ee 


Write Data to CG RAM/DD RAM 
l1oo34s90e000ii1 1 


IcRoOcoO | 


Cursor or Display Shift 
0 0 0 0 0 1 121 21 k ~-% 


MICROCO 


Cursor or Display Shift 

0 60:00 °° )- 6 & & Meee eee 
Write Data to CG RAM/DD RAM- 
1o0o310021i10121 


ICROCOM _ 


Return Home 
0 000 00 0 0 121 0 


HITACHI 


Writes "0". 


Shifts only 
position to 


cursor 


left. 


Shifts only the cursor 
position to left. 


Writes "C" (correction). 
The display moves to the 
left. 


Shifts the display and 
cursor position to the 


right. 


Shifts display and cursor 


position to the right. 


Writes 'M". 


Returns both display and 
cursor to the original 
position (Address 0). 





Table 8 4-bit Operation, 8-digit 1- line ila Exaaple 
sing Internal Reset) 


No. fageeceeton | Display | Operation / 


Power supply ON (HD44780 
{ 1] is initialized by the 
internal reset circuit) 





Sm 


| | Toitioticed a: Noes 
appears. 















Sets to 4-—bit operation. 
In this case, operation is 
handled as 8 bits by ini- 

tialization, and only this 
instruction completes with 
one write. 









Function Set 
RS R/W DB7 ~—™~ DB, 
0 O oO 0 1 0 











Sets 4-bit operation and 
selects l-line display and 
5x7 dot character font. 


4: “OL vpeo tion geo ee ot Oa 





Function Set 









































3/0 00 0 1 0 from this sotnt’ on and 
0 0 0..0 * * resetting is needed. 
(Number of display lines 
and character fonts cannot 
be changed hereafter.) 
Display ON/OFF Control Turns on display and cur- 
41/00 0000 sor. Entire display is in 
| space mode because of ini- 
tialization. 
Sets mode to increment the 
address by one and to 
Entry Mode Set shift the cursor to the 
51/0 00 00 0 right, at the time of 


write, to the DD/CG RAM. 
Display is not shifted. 











Writes "H". 
The cursor is incremented 
by one and shifts to the 

right. 







Hereafter, control is the same as 8-bit operation. 


Table 9 8 bit Operation, 8-digit x 2 line Display Example 


(Using Internal Reset) 










Instruction 












. Power supply ON (HD44780 









.{ 1 | is intialized by the Initialized. No display 
a e a bo Me etd ae - ee. a one Po re ho, eae e a r S . 
mat alae “Snterna 1 ‘reset circult ) i. app eS 







Sets to 8-bit operation 
and selects 2-line display 
and 5*7 dot character font. 


y.| Function Set 
2 IRS R/W DB? DBO 
0 0 0 011 1 0 * & 







Turns on display and cur- 
sor. All display is in 
space mode because of 
initialization. 






Display ON/OFF Control 
00000 01 1 1 =0 










Sets mode to increment the 
address by one and to 
shift the cursor to the | 
right, at the time of 
write, to the DD/CG RAM. 
Display is not shifted. 










Entry Mode Set | ae 
0 0000%40%01id21@«~+0 













Writes "H". The DD RAM has 
has already been selected 
by initialization when 
the power is turned on. 
The cursor is incremented 
by one and shifted to the 

right. 







Write Data to CG RAM/DD RAM 
100310031000 

























Write Data to CG RAM/DD RAM 
100410 0 1 0 0 21 





Writes "I", 






Sets RAM address so that 
the cursor is positioned 


HITACHI | 
Lo! 
at the head of the 2nd 


HITACHI | 
line. 


HITACHI | 






Set DD RAM Address 
0 01410 0 0 0 0 0 















Write Data co CG RAM/DD RAM 
10 O10 04141 0 1 










Writes "M". 









Write Data to CG RAM/DD RAM 


1oo3100%1211 1121 a 





| Writes 





HITACHI 
MICROCO 





a 


121 


Sets mode for display 
J shift at the time of 


Entry Mode Set 





. a | | | | _ | Writes 'M''. Display is | 
13 | Write Data to CG RAM/DD RAM | [I TACHT 1 shifted to the right. 
100 100141 0 1|freRoton 1 The first and second 
| | | . , lines’ shift are operated 
— | 3 7 at the same time. 


Td iis ai Sa a a aetna Re ee seapercien 5a: Bs Misia th 2 tamer iy sam 





14 : 
15 Return Home HITACHI Returns both display and 


000 0000 01 O|[MICROCOM cursor to the original 
eieroces position (Address 0). 





@ Initializing by Instruction 


If the power supply conditions for correctly operating the internal reset 


circuit are not met, initialization by instruction is required. 


Use the following procedure for initialization. 


(1) .When.iokerface is 8 bits long; 





Wait more than 15 ms 
after Vcc rises to 4.5V. 


RS Ry DB, DB 0B; DB, DBs DB: DB: [Bo BF cannot be checked before this instruction. | 
0000211* * * * 


Function set (Interface is 8 bits long.) 


Wait more than 4.1] ms. 


a 
. 


RS 36,081 DBs DBs DB. DBs DB2 DB: [Bp BF cannot be checked before this instruction. | 
00001 1% * * x 


Function set (Interface is 8 bits long.) 
Wait for more than 100us. 
RS 54,D8, DB, DB; DA, DB, DB, DB, DA, 
000011 *% * * * | 


| BF cannot be checked before this instruction. 


Function set (Interface is 8 bits long.) 





BF can be checked after the following instruc 
tions. When BF is not checked, the waiting 

time between instructions is longer than the 
execution instruction time. (See Table 4-1) 






Function Set (Interface is 8 bits long. 
Specifiy the number of display lines and 
character font.) 

The number of display lines and character font 
cannot be changed afterwards. 


Display OFF 
Display ON 


Initiatization ends. 


Entry Mode Set 


(2) When interface is 4 bits long; — 


Power ON 








| ‘Wait more than 15 ms a 
[after Vcc rises to 4.5. | 


RS By, DB; 0B, DB, DB, | BF cannot be checked before this instruction. 


0 0 0 0 Function set (Interface is 8 bits long.) 


Wait more than 4.1 ms. 


RS 34, 0B, DB. DB, DB, | BF cannot be checked before this instruction. _ 


{9 0 0 0 Function set (Interface is 8 bits long.) 


pas 
pos 


—" 
oo 


Wait for“more than 100us. 


RS 34,8, DB, DB; DB, [lez cannot be checked before this instruction. 


et Function set (Interface is 8 bits length.) 


Sg a ae 
BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 


RS %4,DB7 DBs DB; DB, execution instruction time. (See Table 4-1) 





co) 
fo] 
| 
oOo 


Function Set (Set interface to be 4 bits long.) 
Interface is 8 bits length. 


Zzoj;ro 
— 


Function Set (Interface is 4 bits long. Specify 
the number of display lines and character font.) 
The number of display lines and character font 
cannot be changed afterwards. 


So SS 
pe 


o o1|o 3 
© eofocoo;o o 
° 
COlo ofece ofs ofe 
colo orfx*x © 


ol1lo o{[o o| * 


Display OFF 
Display ON 


oe of,10o So] = 


(en 
°o & 
~~ 
ay 
” © 


Entry Mode Set 


Initialization ends. 


HDUGIOIH (DOT MATRIX LIQUID 
CRYSTAL DISPLAY CONTROLLER & DRIVER) 


The HD44101H is a dot matrix liquid crystal display controller & driver LSI 
that displays alphanumerics, kana characters and symbols. It drives dot 
matrix liquid crystal display under 4-bit or 8-bit microcomputer or micro- 
processor control. All the functions required for dot matrix liquid crystal 
display drive are incorporated in one chip. The user can realize the dot 


matrix liquid crystal display system of less chip configuration by using the 
HD44101H. | 


The HD44101H is produced in the CMOS process. Therefore, the combination of 
HD44101H with a CMOS microcomputer or microprocessor can accomplish a portable 


battery-drive device making the most of its lower power dissipation. 


PIN ARRANGEMENT 





00 SSS SRS SSaRSSSS5R 
: SoSessgsessysses 
18H ‘ ih 1 f i 
penteneat 

opt pe = 4 fame E60 
SECO Cx Comey. CO MNO 
SEG19 eet, hae COMI 4 
SEG16 tt ij COM13 
SEG1? emmy E> Com? 
SEG16 ext a COMI! 
SEG1S eum oat 5 COMIO 
SEG14 men! —— come 
SEG1I3 od | —— COMms 
SEG12 =o-! == com? 
cecle aad i OMe 
SEG) cue E> Coeny, COMA 
SEGE ccs, <= COM} 

E ° 2 2 
secs eat i comi 
SEGS eum Sut oes a? 
SEG} =o! i 08S 
SEG! =| ie; 083 
CNO eS = 082 

- oe 
Tate 
tS 





Ht AN, 


= 
=. oe 
o 


Tn 


Os35>>57~" ogg sue 
a” 4 od « 8 
oO oO 

(Top View) 


V3 === 


MB FEATURES 


- 5x7 dot matrix liquid crystal display controller & driver 
- Interfaceable to 4-bit or 8—bit MPU. 
Display data RAM ... 32x8 bits (32 characters, max.) 


- Character generator ROM ... 6720 bits; 192 types of 5x7 dot character 


» font. | 


. Internal liquid crystal display driver circuit 
15 common signal drivers | 
‘40 sepment signal drivers (can be externally extended to 120 segments 


by the liquid crystal display driver HD44100H) 


Nuty factor (can be selected by a program) 
1/7 duty : 1 line of 5x7 dots 
1/14 duty: 2 lines of 5x7 dots 


- Maximum number of display columns a os 


No. of : 
HD4100H display | 
OS characters | 
Not — 8 characters | 
| provided Pe: x 1 line 
iS DCS. 32 characters] - 
_ —— (8 characters/pc.) 
Not l vc 8 characters 
2-line |’ 1/14 provided ere | x 2 lines | 


display | duty peaciied q oe. : Sg Pier ae aaa ' nas 


- Various instruction functions 


Clear Display, Return Home, Display ON/OFF, Display Shift 














Extension | HD44101H 






l-line 
display 






- Internal reset circuit at power ON 
- Internal oscillator (with an external resistor) 
- Low power dissipation 


- Logic power supply: A single +5V (excluding power for liquid crystal 
display drive) 


- CMOS process 


- 80-pin flat plastic package (FP-80) 


0B0~O0B6 


ower Supply 
or Liquid 
tystal 
splay Drive 


VCC 
GNO 
OSC! 
OSC2 


CS 
RS 


R/W 


OB? 


Vi 

V2 
V3 
V4 
V5 


1/O Buffer 








Busy 
Flag 


Onstruction 


i Register (DR) 









Paralle er al Data 
Conversion Circuit : 
Parallel Data-Serial Data 


Decoder 


‘ 
‘ 


Address ming Generation 
5 [7] Counter (AC) Circuit . 


aes RE EPR 


5 


5 


Display Data 
RAM 
(DD RAM) 
32 *8 bits 















Character 
Generator 
ROM 
(CCROOM) 
6720 bits 


5 


40 





14, 


Tl6—-bit Shift 


40 


40-bit Latch 
Circuit 





40-bit Shift 
Register 


Zana 
cr 
A = 


COMNO 


COM1~14 


SEGI~40 


(MODIALULL. HEAT bent) AMOI, SANTA. 


M ELECTRICAL CHARACTERISTICS 


@Absolute Maximum Ratings 


power supply voltage (2) V1 to vi to v5, Vec-13. > to Vcct0.3 


| Input voltage | -O. 3 to Vcct0.3 py 
Operating temperature -20 to +75 +2+—| 


“Note 1: If LSI's are used above absolute maximum ratings, they may be 

we permanently destroyed. Using them within electrical character- 
istic limits is strongly recommended for normal operation. Use. 
beyond ‘these conditions will cause malfunction and poor a 
bility. 


Note 2: All voltage values are referenced to GND=O0V. 
Note 3: Applies to Vl to V5. Must maintain Vec2V12V22V32V42V5. 





(high<—  — low) 


@®Electrical Characteristics 


(Vcec=5Vt10Z%, V5=0.—5V, Ta=-20 to +75°C) 


Test 


VrH(1 


rt 
pte 
J 
pele 
ct 


Item T 


< 
~O 


pms 
44 


a 


Input “high” voltage (1) 


Input "low" voltage (1) Vrr(1) 


Output "high" voltage (TTL) Vou -Ioy=0.205mA 
Output "low" voltage (TTL)} VoL I9pL=1.6mA 


Output "high" voltage | (CMOS)} VOHC -4 


< 
OQ 
7 

© 


Output “low” voltage (CMOS)} VoLC 


Driver voltage descending(COM)| Vq1 | Id=O.1mA 
Driver voltage descending(SEG)| Vg? Iq=0.01mA 
Input leakage current 


e e QC) 
i i ro) 
-“-o 
& 
ne” 





pond 
© 


© 
bo 


(5) 


Cc 


Vin=0 to Vcc 


Pull up MOS current -Ip Woo=s¥. neo | A 


ie 
We 
= 
ee 





Co 


a aa ee Poewey Peso as. oa wy wnt he, as : — 
Test Limit Unit |Note 


teen Sobol} condition _[~ win. [type]tax.| 


R¢ oscillation, 
0.5 | mA | (6) 
External clock operation 


External clock 


operation 
| External ‘clock frequency be - 40 | 78 [150 |xHz | (7) 





Power supply current 






fosc=fcp=/8kHz 





se sen lS a MOE a a aca ee eee ee aes ia eae se os pas ems deed tly, eta clea — —\—- — 


Clock oscillation frequency fosc {RE=S60kKNt2Z } 30 | 75 | 100 katz (9) 


Note l: The following are 1/0 terminal configurations except for liquid 


crystal display output. 


- Input Terminal 


Applicable terminals: E Applicable terminals: RS, R/W, CS, 
6 
(No pull up MOS) DBO to DB 
(With pull up MOS) 
Vec Vec 


PMOS 





(Pull up MOS) NMOS 


- Output Terminal 


Applicable terminals: CLl, CL2, M, D 





- I/O Terminals 


Applicable terminals: DB? 


Vec 


(Pull up 
Vee ’uos) 


(Input Circuit) 






PMOS) 





a . 
Yoc . ‘gtaOde 


PMOS x 


dias re Data 


(Output Circuit) 
(Three-state) 


ce 2: Input terminals aud I/O temainals 


Excludes OSCl terminals. 


Note 3: I/0 terminals 
Note 4: Output terminals 


Note 5: Current flowing through pull-up MOS's and output drive MOS's is 


excluded. 


Note 6: Input/output current is excluded. When input is at the inter- 
mediate level with CMOS, excessive current flows through the 
input circuit to the power supply. To avoid this, input level 


must be fixed at high or low. 


Note 7: External clock operation. 


Oscillator Osc! 
Open OSC2 
| a 


Th 
JV : 
0 cc } N / z 
0.5Vcc | Duty = TET. x 100 % 
0.3Vec 


trea tfcp 


Note 8: Applied to OSCl terminal. 


Note 9: Internal oscillator operation using oscillation resistor Rf. 


Rf: 560k2+2Z% 





Since oscillation frequency vartes depending on OSC} and OSC? 
terminal capacity, wiring length for these terminals should be 


minimized. 


@®Timing Characteristics 


Write Operation 


ee 


RS F Vem | Vimy, 





RW 
i Vins 
[tan | 
RAN | tae 
E 
aS pe os 


t eves 


Fig. 1 Bus Write Operation Sequence 
(Writing Data from MPU to HD44101H) 


Read Operation 





RS Vin . Vint } 
. Vins | | | Vili 
tae au) 

RAW Vina Via | 
Vis tee V {Ly 
tee 

a Von 
DB/ Vou 





Cever 


Fig. 2 Bus Read Operation Sequence 
—_— out Data from HD44101H to MPU ) 





Interface Signal with Driver LSI HD44100H 


0.9 Veco 0.9Vce 
CL; 


town 
CLez 0.9 Voc { 0.9 Vee 
0.1 Vee 0.) Vec 


Fig. 3 Sending Data to Driver LSI HD44100H 


@®Bus Timing Characteristics 


(Vec=5.0V#10%, GND=OV, Ta=-20 to +75°C) 


Write Operation (Writing data from MPU to HD44101H) 


eae - Limit 
t Symbol | Test conditions 
Item ymbo Min. 


Enable cycle time TeycE 1000 = 


"High" 
Enable rise/fall time Fig. l ; at ae | 


Address set-up time] _ ee n/a | 


Address hold time 





Unit 


rv? 
rm 
rt 
ww 


t 


i 
hry 
p+ 
5 
© 





Data set-up time Cpsw Fig. l 195 = 


Data hold time ty 


Read Operation (Reading data from HD44101H to MPU) 


Data delay time CoOpDR 
Data hold time 


rr} rr] 

bs p+. 

09 0a 

@ eo 

_~ - 

| me 

peo > 
5 = 

| : a la lala lala 
“TG 















ry 

= 
tJ 
jo) 


@ Interface Signal with HD44100H bmn Characteristics 


: » Weems. OV+10Z%, GND=OV, Ta=-20 to +75°C) 







Item. 


Power supply rise time | 
| Power supply OFF time 


Since the internal reset circuit will not operate normally unless the preced- 





ing conditions are met, initialize by instruction. 





O.lms S tecco FS 10Ms torr 2ilms 


(Note) Corr stipulates the time of power OFF for power supply instantaneous 
dip or when power supply repeats ON and OFF. | 


Si 1 paeece 
gna Input/ |Connected Function 
name tines pooreur boc 


MTERMINAL FUNCTION 


Table 1 Functional Description of Terminals 





“Signal to select registers 





Os Instruction register (for write) 
Busy flag (for read) 
"1": Data register (for read and write) 


R/W 1 | Signal to select read (R) and write (W) 
"O": Write 
"1": Read 
es Operation start signal for data read/write 


DB4 Higher order 4 lines data bus. 
“DB / Used for data transfer between the MPU and 
the HD44101H. | 
DB7 can be used as..a- BUSY flag. 
DBO : 
~DB3 . 
HD44101H. These four are not used during 
4-bit operation. 
| >. ee /HD44100H | Clock to latch serial data D sent to the 
| driver LSI HD44100H. | 
ao /HD44100H | Clock to shift serial dataD. 


Output | HD44100H | Switch signal to convert liquid crystal | 
drive waveform to AC. 
“HD44100H Character pattern data corresponding to 
each common signal is serially sent. 
"O": Non selection 
| "1": Selection 
COM1 14 |Output iqui Common signals that are not used are 
~COM14 changed to non-selection waveforms. That 
i is, COM&.COM14 are in non-selection wave- 
| form at 1/7 duty factor. 


SEG1 Satu Liquid Segment signal 

~“SEG40 crystal 
| display 

Vivvs Se | Power supply for liquid crystal display | 
Lae drive 





















Lower order 4 lines data bus. 
Used for data transfer from the MPU to the 














Vcc» Power Vcc: +5V, GND: OV 
GND | supply | 
OSCl, | Terminals connected to resistor for inter- 
OSC2 nal clock oscillation. For external clock 
operation, the clock is input to OSC}, 
| COMND | Out put | Liquid Non-selected common signal. 
crystal It is applied to unused common terminals 


display of LCD, if necessary. 


setitig hs 


Te STE I ge PAPE EE ABP IE OE 


: Funct ion 
name Pines output | | 


l ‘Chip select signal | 


"O"': Disable | 
"1": Enable a. { 





MFUNCTION OF EACH BLOCK 
(1) Register 


The HD44101H has two 8-bit registers, an instruction register (IR) and 


a data register (DR). 


» The IR stores instruction codes such as display clear and display ON/OFF, 
7 and address information for display data RAM (DD RAM). The IR can be 


‘written from the MPU, but can not be read. 


The DR temporarily stores data to be written into the DD RAM. Data 
written into the DR from the MPU is automatically written into the DD 
RAM by internal operation. The DR can be also written from the MPU, but 


can not be read. Register selector (RS) signals make their selection 
from these two registers. 


Table 2 Register Selection 






oO 4 IR write as internal == (Display clear, etc.) 
Le | Read busy flag (DB7) 
soilinctaad DR write as internal operation (DR to DD RAM) 


(2) Busy flag (BF) 






When the busy flag is "1", the HD44101H is in the internal operation 
mode, and the next instruction will not be accepted. As Table 2 shows, 
the busy flag is output to DB7, when RS=0 and R/W=1. The next instruc- 


tion must be written after ensuring that the busy flag is "0". 


(3) Address counter (AC) 


=. The address counter (AC) assigns addresses to DD RAM. When an instruc— 
tion for address is written in IR, the address information is sent from 


IR to AC, 


(4) 


After writing into DD RAM display data, AC is automatically increased 
by +1. 
Display data RAM (DD RAM) 


The display data RAM (DD RAM) stores display data represented in 8-bit 


character codes. Its Capacity is 32x8 bits, or 32 characters.. 


Rekations between DD RAM addresses and positions on the liquid crystal 


display are shown below. 


The DD RAM address (App) is set in the Address Counter (AC) and is 


represented in hexadecimal. 


Upper order Lower order 
“bits bits 


; 


Hexadecimal 





(Example) DD RAM address “"lE" 


fafa fafa fo 


Ne) Nees FE eee 


l-line display (N=0) 


Display 


(digit) 1 31 32 oeanttaod 


Pe PP Se Ps 


(a) When the display characters are less than 32, the display begins at 





l-line 





the head position. For example, 8 characters using 1 HD44101H are 


displayed as: 


(digit) 1. 8 <— Display position 


When the display shift operation is performed, the DD RAM address 


moves aS: 


ox [02 02 | 04 | 05 fos | o7 |e 


(Right shift} 
Aq enlaar). aie Cire <6 


(Left shift 
display) 








DD RAM address 


(b) 16-character display using an HD44101H and an HD44100H is as shown 


below: 


(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 =PésPlay 


, | | position 
co ooo oon foo or 


DD RAM 
\__yp44101H display —/\—1p44100H display —/ 


address 
When the display shift operation is performed, the DD RAM address 





l-line 


moves aS; ; : 
ool] io 
ebb rb Seba bef=l= 


“e) The relation between display position and DD RAM address when the 


(Left shift 
display) 










(Right shift 
display) 


number of display digits is increased through the use of one 
HD44101H and two or more HD44100H's can be considered an extension 
of (b). 
‘Since the increase can be 8 digits for each additional HD44100H, 
oy up to 32 digits can be displayed by externally connecting 3 
-HD44100H's. 


~ Display 


(digit)! 234567 89WURBUSHUBIND BHVBOHUR™ position 





=-DD RAM 
address 
(Hexa- 
\__ 9p44780 _/\_4D44100H(1) Aa ~J\_ HD441008(3) Pa 
Saepney display display 
- aeates 
- 2-line display (ie1) 
___ Display 
(digit) 1. 27 3 4 > poe © 4e5 2 15 16 position 


DD RAM address 





(a) When the number of display characters is less than 16x2 lines, the 
2 lines from the head are displayed. Note that the first line eng 
address and the second line start address are not consecutive. 

For example, when an HD44101H is used, 8 charactersx2 lines are 


displayed as: 


(digit) 1 2 3 4 5 6 7 #8 «Display position 

BOageoo 

When display shift is performed, the DD RAM address moves 41s: 
Sere 

Bogan 


(b) 16 characters x2 lines are displayed when an HD44101H and an 








l-line ~—DD RAM address 


2-line 














(Left shift 
display) 





(Right shift 
display) 





HD44100H are used: 






(digit) 123 4 5 6 7 8 9 1011 12 13 14 15 agers 
«DD RAM 
3-11 | 0 03 oo] oo fon oc oor [SB 


2-line 


— \__ w4a101H aisptay —/\_ ypasion display —/ 


When display shift is performed, the DD RAM address moves as 





follows: 


efx offs ooo 
afl fla chiro 


SEPEPEPE PEPPER 
28) 0} a} 3213} 4f35]26} 17 aef19frafae fe fo fae 


(S) Character generator ROM (CG ROM) 





(Left shift 
display) 











(Right shift 
display) 





The character generator ROM generates 5x7 dot character patterns from 
8-bit character codes. It can generate 192 types of 5x/ dot character 
patterns. Table 3 shows the relation between character codes and 
character patterns in the Hitachi standard HD44101A00H. User defined 


character patterns are also available by mask-programming ROM. 


Table 3 Correspondence between Character Codes and Character Patterns 
(Hitachi Standard HD44101AN0H) | 


Higher 
Lowerm 4bit 0010 ‘E200 bh 
4bit 


pee Best cis | set] i| 





xxxx0000 


Ceti ed  inaeaaamtemeeatiataenndiin’ 
” 


~ 


sta ¥ 
e eee e e 
se 8 e ee 
ea eecsceea a eee 
eee e e ] e ees 
es e e eeoos e 
z ee e 


xxxxOlL1ll 





DEIVINAT UE 


, . 
eaeoee 
8 
e 
ee 
a 
; e.. 


(6) 


(7) 


Timing generation circuit 


The timing generation circuit generates timing signals to operate 


internal circuits such as DD RAM, CG ROM. RAM read timing needed for 


display and internal operation timing by MPU access are separately 


generated so’ they do not interfere with each other. Therefore, when 
writing data to the DD RAM, for example, there will be no undesirable 


influence, such as flickering, in areas other than the display area. 


This circuit also generates timing signals to operate the externally 


connected driver LSI HD44100H. 


Liquid crystal display driver circuit 


The liquid crystal display driver circuit consists of 14 common signal 
drivers and 40 segment signal drivers. When character font and number 
of lines are selected by a program, the required common signal drivers 
automatically output drive waveforms, the other common signal drivers 


continue to output non-selection waveforms. 


The segment signal driver has essentially the same configuration as the 


driver LSE HD44100H. Character pattern data is sent serially through a 


40-bit shift register and latched when all needed data has arrived. The 


latched data controls the driver for generating drive waveform outputs. 


The serial data is sent to the HD44100H, externally connected in cascade, 


used for display digit number extension. 


Send of serial data always starts at the display data character pattern 
corresponding to the last address of the display data RAM (DD RAM). 
Since serial data is latched when the display data character pattern, 
corresponding to the starting address, enters the internal shift regis- 
ter, the HD44101H drives the head display. The rest displays, corres- 
ponding to latter addresses, are added with each additional HD44100H. 


COMND always outputs non-selected common waveform. This signal can be 
applied to unused common lines in the LCD panel, if necessary, and all 


the picture element on this common are not ‘visible (see Fig. 10). 


MRESET FUNCTION 


The HD44101H automatically initializes (resets) when power is turned on using 
the internal reset circuit. The following instructions are executed in 
initialization. The busy flag (BF) is kept in busy state until initializa- 
tion ends. The busy stats is 15 ms after Vcc rises to 4.0V. 


| (1) - Display clear 
(2) Function set ........... .... DL=O: 4 bit long interface data 
| N=0 : l-line display 
(3) Display ON/OFF control ..... =0 : Display OFF 
(Note) When conditions in "Power Supply Conditions Using Internal Reset 


Circuit” are not met, the internal reset circuit will not operate 


nommally and initialization will not be performed. 


MINSTRUCTION ~ 


- @Qutline — 


Only two HD44101H registers, the Instruction Register (IR) and the Data Regis- 
ter (DR) can be directly controlled by the MPU. Prior to internal operation ; 


Start, control information is cemporarily stored in these registers, to allow. 


- interface from HD44101H internal operation to eanroud types of MPUs which 


operate in different speeds or to allow interface to peripheral control ICs. 
HD44101H internal operation is determined by signals sent from the MPU. 
These signals include register selection signals (RS), read/write signals 


(R/W) and data bus signals (DBO ~DB7), eae called instructions, here. 


Table 4 shows the instructions. Details are explained in Sup eeauene 


sections. Instructions are of 4 types, those that, 


(1) Designate HD44101H functions such as display format, data length, etc. 
(2) Give internal RAM addresses. | 

(3) Perform data transfer to internal RAM. 

(4) Others 


In normal use, category (3) instructions are used most frequently. However, 
automatic increasing by +1 of HD44101H internal RAM addresses after each 
data. write lessens the MPU program load. The display shift is especially 
able to perform concurrently with display data write, enabling the user to 


develop systems in minimum time with maximum programming efficiency. 


For an explanation of the shift function in its relation to display, see 


Table 6. 


When an instruction is executing during internal operation, no instruction 
other than the busy flag read instruction will be executed. Because the busy 
flag is set co "1" while an instruction is being executed, check to make sure 


ara 


it is on "0" before sending an instruction from the MPU. 


Table 4 Instructions 


Instruction Description 


Clears entire display and 
RAM address 0 in 


counter. 


RAM address O in 

counter. Also 
returns display being 
shifted to original posi- 
tion. DD RAM contents 





remain unchanged. 


/- 





Display Sets ON/OFF of entire 

ON/OFF display (D). 

control | 

Display RIL [shifts display without 

shift |changing DD RAM contents. 

runetion Sets interface data | 

set length (DL), number of 
display lines (L). 

Set DD RAM : tial Sets DD RAM address. 

address DD'B - 


DD RAM data is received 
after this setting. 
Read busy 
flag 
Write data 
to (Write data}, 
DD RAM 


Reads busy flag (BF) in- 

dicating internal opera- 

tion is being performed. 
per Display on DD RAM: Display data RAM 
D=0: Display off App: DD RAM address 
R/L=1: Shift to the right Bere paar 
R/L=O: Shift to the left | 


DL=1: 8 bits, DL=0: 4 bits 
N=l: 2 lines, N=0: 1 line 





















Writes data into DD RAM. 













BF=1: Internally operating 
BF=0: Can accept instruction 





®Description of Details 


(1) Clear display 


(2) 


(3) 


(4) 





RS R/W DB7 





Writes space code "20" (hexadecimal) (character pattern for character 
code "20" must be blank pattern) into all DD RAM addresses. Sets DD RAM 
address 0 in address counter. Returns display to its original status if . 


it was shifted. In other words, the display disappears. 


Return home 


RS R/W DB7 DBO 


Sets the DD RAM address 0 in-address counter. Returns display to its 





original status if it was shifted. DD RAM contents do not change. 


Display ON/OFF control 


RS R/W DB7 DBO 


ha OOO 





D: The display is ON when D=1 and OFF when D-O. When off due to D=0, 
display data remains in the DD RAM. It can be displayed immediately 
by setting D=1. 

Display shift 


RS R/W DB7 DBO 


om ACN CCC NN A ee 


Shifts display to the right or left without writing display data. 





This function is used to correct or search for the display. 

Notice that the lst and 2nd line displays will shift at the same time. 
When the displayed data is shifted repeatedly each line only moves 
horizontally. The 2nd line display does not shift into the lst line 
position. 


R/L=0: Shifts the entire display to the left. 


ne ae a ela. dim eesiagy (5? 


Address counter (AC) contents do not change if the only action performed 


is shift display. 


(5) Function set 


RS R/W DB7. 


DBO 








Code * Don't care. 

DL: Sets interface data length. Data is sent or received in 8 bit 
lengths: (DB7.\DBO) when DL=1 and in 4 bit lengths (DB7\)B4) when 
DL=0. When the 4 bit length is selected, data must be sent or 


received twice. weet 


N : Sets number of display lines. 










5x7 dots 


ee ce aoe 


Perform the function at the head of the program before 
executing all instructions (except "Busy flag/address 
read"). From this point, the function set instruction 
cannot be executed unless the interface data length is 
changed. _— _ 





(6) Set DD RAM address 


RS R/W DB7 








Higher order Lower order 
bits bits 


Set the DD RAM address into the address counter in binary AAAAA. 

Data is then written from the MPU for the DD RAM. 

However, when N=0 (l-line display), AAAAA is "00" V"1F" (hexadecimal) 
When N=l (2-line display), AAAAA is "00" V"OF" (hexadecimal) 
for the first line, and "10" v"1F" (hexadecimal) for the 


second line. 


(7) Read. busy flag 


RS R/W DB? 








Reads the busy flag (BF) that indicates ic sare is now internally 





operating by a previously réceive lear myer ten, . SFeT ke : 
internal operation is in progress. The next instruction will not be 
accepted until BF is set to "0"". Check the BF status before the next 


write operation. — 


(8) Write data to DD RAM 


RS R/W DB7 , DBO 





Higher order , Lower order 
bits bits 


Writes binary 8 bit data DDDDDDDD to the DD RAM. 
Where the DD RAM is to be written into is determined — the previous 
specification of DD RAM address setting. After write, the address is 


automatically increased by 1. 


5 


* Instruction cycle time = —— or —— 
focs = fcp 


MHOW TO USE THE HO44101H 


eInterface to MPU 


(1) Interface to 8-bit MPU 


RS 


Poe dae Te cg Oe saa, ee aaa, Oe ca, Pe 


Internal =—— af fl 
Internal Operation 
f °/ | y ; 





Busy Flag 
Check 


Busy Flag 
Check 


Instruction 
Write 


Busy Flag 
Check 


Instruction 
Write 














a). Direct interface to HD6800 


The HD44101H can interface directly to the 8-bit MPU HD6800, having 
the capability of driving one ordinary TTL through the TTL compati- 
ble interface. The interface timing is matched with the HD6800. 


However, ,the,YR44,AlH's internal operation is slow,. an access must 





be made while checking the busy signal. Fig. 5 shows an example of 
circuit. In the example, the HD44100H is selected with Al14=1, Al5= 
O and the timing width is obtained by VMA and 62. 





HD 6800 HD 44101H 14 
COM 
COMND LCD 
40 
SEGF 
O0B0~7 


Fig. 5 Example of Interface to HD6800 


Q) When connecting to 8-bit MPU through PIA 


Fig. 6 is an example of using a PIA or I/O port (for single chip 
microcomputer) as an interface device. Input and output of the 
device is TTL compatible. 

In the example, PBO to PB7 are connected to the data buses DBO to 
DB7 and PAO to PA3 are connected to E, R/W, RS and CS respectively. 
Pay attention to the timing relation between E and other signals 


when reading or writing data and using PIA as an interface. 


PAs 
PA 
: Connected 
PA, to liquid 


EY 
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a 
20 
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a 
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ae deed 
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HD68B21 | SEG,, } 


PBo~PB1|___* DBy~DB; 





HD68B00: 8 bit CPU 


Fig. 6 Example of Interface to HD68B00 Using PIA (HD68B21) _ 


G) Connecting directly to che 8-bit MPU bus line 


COMND 


COM, | 14 
~COM 14 


Connect to 


CS 7 


R/AW 


SEG, id 
~SEG,, 
DBo ~DB7 





(4) Example of interfacing to the HD6 805 









COMND 


DB,~DB; ae 






| Connect to 
gE HD44101H LCD 


RS SEG, 
~S EG, 


HD6805 


G) Example of interfacing to the HD6301 












| COM, 
R/W ~COM i 









Comiect “o- 


E 
CS HD44101H 
LCD 


DBy>~DBy 





(2y Interface to 4-bit MPU 


The HD44101H can be connected to a 4-bit MPU through the 4-bit MPU 1/0 
port. If the I/O port has enough bits, data can be transferred in 8-bit 
lengths, but if the bits are insufficient, the transfer is made in two 
operations of 4 bits each (with designation of interface data length for 
4 bitsy. In the latter case, the timing sequence becomes somewhat com- 
pkex (see Fig. 7). 


Fig. 8 shows an example of interface to the HMCS43C. 


Note that 2 cycles are needed for the busy flag check as well as the 


data transfer. 4-bit operation is selected by program. 


RS 


“S\N _S VE \_S VU \_SV }___ 


Operation No No 





Instruction 
Write 


Busy Flag 


Check 


Busy Flag Instruction 
Check Write 








Note: IR7, IR3: Instruction 7th bit, 3rd bit 


Fig. 7 An Example of 4-bit Data Transfer Timing Sequence 















; COM, ~ 
RW com,, 


Bo WD44ic 1. 


Connected to 
{ Liquid Crystal | 
| Display -") 





| HMcS42C ( 





DB. ~DB? 





Rio™ Ris 





HMCS43C: Hitachi 4-bit single-chip microcomputer | 


Fig. 8 Example of Interface to the HMCS43C 


_ Interface to Liquid-€rystal-Display~ 


(1) Character font and number of lines 


(2) 


The HD44101H can perform 5x7 dots as character font. 


Up to 2 lines are displayed with 5x7 dots. Therefore, two types of 


common signals are available: 


common signals | factor 






Number of lines and font types can be selected by program. 


(See Table 4, Instruction.) 


Connection to HD44101H and liquid crystal display 


Fig. 9 (1) and (2) show connection examples. 






Liquid Crystal 
Display Panel 

(8 characters 

x1 line) 


_ Examptke of a 5x7 dot, 8 character x1 line display (1/4 btas, 1/7 duty) 


Fig. 9 (1) Liquid Crystal Display and Connections to HD4410TH 


oo 


anne 


COM, REEEETS 1G 00.40 G $0 6 / Gvaraineenenest aE are meeeRETE 
———— eG 


: —— 
: -—__—---—_}-—¢- ott ts pt 


itt | 


COM 
: a 


: | 2 © SSA ASS A SRC PSAP AT 
SS aa 2B ee 300) eee es 


COM 


~~) 


HD44101H. 


Liquid Crystal 
Display Panel 
(8 characters 
x2 lines) 





SEGw 


Example of 5x7 dot, 8 character x2 line display (1/5 bias, 1/14 duty) 


Fig. 9 (2) Liquid Crystal Display and Connection to HD44101H 


‘Since 5 signal lines at the SEG can display one digit, one HD44101H can 
display up to 8 digits for l-line display and 16 digits for 2-line dis- 
play. 

In Fig. 9 (1) (2), there are unused common signal terminals, non- 
selection waveforms which always output. When the liquid crystal dis- 
play panel has unused extra scanning lines, avoid undesirable influences 
due to cross-talk in the floating state by connecting the extra scanning 


lines. to. theca. (raAmman ©: ywetana Ls pr eae an eS 





5x7 dot, 8 character x1 line display (1/4 bias, 1/7 duty) . 


Fig. 10 Using COMND to Avoid Cross-Talk on Unneeded Scanning Line | 


(3) Connection of changed matrix layout 


me 


In the preceding examples, the number of lines was matched to the number > 
of scanning lines. The following display types are possible by changing 
' the matrix layout in the liquid crystal display panel. 


COM; 


COM, 
HD44101H 
SEG, 


SEGso 
COM, 


COM, 





(a) 5x7 dot, 16 character x1 line display (1/5 bias, 1/14 duty) 





(b) 5x7? dot, 4 character x2 line display (1/4 bias, 1/7 duty) 


Fig. 11 Changed Matrix Layout Displays 


In either case, the only change is the layout. Display characteristics 
and the number of liquid crystal display characters are dependent on the 
number of common signals (or duty factor). Note that the display data 
RAM (DD RAM) addresses for 8 characters x2 lines and 16 character xl line 


are the same as shown in Fig. 9. 


@ Power Supply for Liquid Crystal Display Drive 


Various voltage levels must be applied to HD44101H terminals Vl to V5 to 
obtain liquid crystal display drive waveforms. The voltages must be changed 


according to duty factor. Table 5 shows the relation. 


Table 5 Duty Factor and Power Supply for Liquid Crystal Display Drive 
Duty factor 


~SESSDTTrd 1/14 
Power _supply 
Voc - 1/5Vicep 


| v4 | 











Vcc - 4/5Vicp 


pv Yee - 3/4¥Le0 









Vicp gives the peak values for liquid crystal display drive waveforms. 
Resistance dividing provides each voltage as shown in Fig. 12. 


Vec( +5V) 





Vec( +5V) 





(a) 1/4 bias (1/7 duty) | (b) 1/5 bias (1/14 duty) 


Fig. 12 Drive Voltage Supply Example | 


® Connection with Driver LSI HD44100H 


You can increase the number of display digits by externally connecting a 


liquid crystal display driver LSI HD44100H to the HD44101H. 


When connected to the HD44101H, the HD44100H is used as segment signal 
driver. The HD44101H can be connected to the HD44100H directly since it 
supplies CL1, CL2, M and D signals and power for liquid crystal display 


drive. Fig. 13 shows a connection example. 


Caution: Connection of voltage supply terminals Vl through V6 for liquid 
crystal display drive is complicated. 


Up to 3 units of the HD44100H can be connected for l-line display (duty fac- 
tor 1/7) and up to 1 unit for the 2-line display (duty factor 1/14). RAM 
size limits the HD44101H to a maximum of 32 character display digits. The 
connection method in Fig. 13 remains unchanged for both l-line and 2-line 


display. 







Dot Matrix Liquid 
Crystal Display Panel 


HD44100H 


HD44101H 


Fig. 13 Example of Connecting HD44100H to HD44101H 


@Instruction and Display Correspondence 


(ly 


(2) 


3) 


8-bit operation, 8-digit xl-line display 


Table 6 shows an example of 8- -digit X l- line display in 8- ~bit. operation. 


_ The HD44101H function: <0 € 8 wet By Funetlen Cer prior to atsplaye: 


" Since the display data RAM can store data for 32 characters, |as_ ex 


plained before, the RAM can be used for displays like the Lightening, 
board when combined with display shift operation. . 


Since the display shift operation changes display position only and DD 


RAM contents remain unchanged, display data entered Ene can be eucnel 


when the return home operation is performed. 


4—-bit operation, 8-digit x l-~line display 


Table 7 shows an example of 8-digit x = Pine: display in 4-bit operation. 
When power is turned on, 4-bit operation is automatically selected. 


One operation is completed in two accesses of 4-bit operation. 


8-bit operation, 8-digit x 2-line display 


For 2-line display, the DD RAM address must again be set after the 8th 


character is completed in the first line (see Table 8). 


Note that the first and second lines of the display shift are performed. 


If shift operation is performed, both the first and second lines move 
together. When you repeat the shift, the display of the second line 
will not move to the first line, the same display will only move within 


each line many times. 


Table 6 8-bit Operation, 8-digit x 1-line Display 


Initialized. 
No display appears. 







Power ON and automatic 
reset 






















Sets to 8-bit operation and 
‘selects l-line display line. 
This operation is necessary 
three times at 100 ms intervals. 


Funct ion set | 
0000110%%*% 
RS BWDB7——~___—- DBO 

















Display ON/OFF control 
00000011 * * 


Dispkay ON. 
No display appears. 









Writes "kh", 





Write data 


10010 












Writes "I", 





to DD RAM 
01001 





Write data 


10010 













Write data Writes space. 


l1lOoOOoOdO!]1 












Writes "M", but "M" can't be 
seen. 


to DD RAM 
01101 


Write data 


10010 


















Shifts left, "M" appears. 





Display shift 
00000110 
















but "O" can't 





Writes "Oo", 


seen. 





Write data to DD RAM 
l1oOool1u.0o00od01111 










I MICROK| 


MICROKO 
-MICROKO 












Display shift 
00000110 









Shifts left, "O" appears. 













Set DD RAM address 
QO01LOOOILIL1OL 






‘Writes the address of "K". 





Write data to DD RAM 


Changes "K" to "C",. 





Set DD RAM address | — a : | = the address of next to | 
. | MICROCO]|-. 


0010001111 ss 
MICROCO 


Display shift : 
1+1MICROCOM] - 


“O000O0O11LO**- 















| Writes "M", but "M" can't be 
seen. - See 


_ Write data to DD RAM 
1001001101 




















Shifts left, '"M" appears. 









Returns both display and DD RAM 
address to the original position. 






Return home | 


0 000000010 


HITACHI 









Table 7 4-bit Operation, ‘8- ag -line Display 
| Initialized. | 
| No orerT ay appears. | 


Display ON. 
No display appears. 










Power ON and automatic 
reset | 
Display ON/OFF control | | 
RS R/W DB7 — DB4 
Oo 0 00.0 0- 

















Writes "H". 






Write data to DD RAM 


100100 
101000 











| Hereafter, control is 
| the same as 8—bit 
operation. 






Table 8 8-bit Operation, 8-digit x2 lines Display 


Initialized. 
No display appears. 







Power on and automatic 
reset 


















Function set 
o00g0011% * * * 


This instruction is necessary 
three times at 100 ms intervals. 









Sets 8-bit operation and 2-line 
display. 


Function set 
O0o0O001L1iI* * x 
























Display ON/OFF control 
0O0000011%* % 


Display ON. 
No display appears. 






Write data to DD RAM Write "H". 


1001001.001 





Write data Writes "I", 


10010 
















sec DD RAM 
00100 


Sets DD RAM address to the top 
of the second line. 


address 
10000 

















Write data Writes "mM". 


10010 







Write data Writes "0". 


10010 










Write data 


10010 


Writes "'M". 














Shifts left. 
Both line will be shifted. 


Display shift 
00000110** 












| Returns display to the original 
| position. 


Return home 


000000001 % 








HD44102CH (DOT MATRIX LIQUID CRYSTAL 
GRAPHIC DISPLAY COLUMN DRIVER) 


|The HD44102CH is a column (segment) driver for dot matrix liquid crystal 
_. graphic display systems, storing the display data transferred from a 4-bit or 
8-bit microcomputer in the internal display RAM and generating dot matrix 


liquid crystal driving signals. 


Each bit data of display RAM corresponds to ON/OFF of each dot of liquid 
crystal display to provide more flexible display. 


The HD44102CH is produced in the CMOS process. Therefore, the combination 
with a CMOS microcomputer can accomptish a portable battery drive equipment 


utilizing the liquid crystal display's lower power dissipation. 


The combination of HD44102CH with the row (common) driver HD44103CH facili- 
tates dot matrix liquid crystal graphic display system configuration. 


(FP-80) 





PIN ARRANGEMENT 
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+ Interfaceable to 4.0.0 «0° TURE OD 


mi FEATURES 


- Dot matrix liquid crystal graphic display column driver incorporating 
display RAM. | | 





- RAM data directly displayed by internal display RAM 
RAM bit data “1" ..... ON 
RAM bit data "0" ..... OFF — eee 


- Display RAM capacity ..... 50 x8 x4 (1600 bits) 


Internal liquid crystal display driver circuit (segment output) ..... 


50 segment signal drivers 


+ Duty factor (can be controlled by external input waveform) 


Selectable duty factors ..... 1/8, 1/12, 1/16, 1/24, 1/32 


- Wide range of instruction functions 
Display Data, Read/Write, Display ON/OFF, Set Address, Set Display 
Start Page, Set UP/DOWN, Read Status 


- Low power dissipation 
- Power supplies | atta “Vec 5Vt10%, VEE 0V-5V 
- CMOS process | 


- 80-pin flat plastic package 
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Mi ABSOLUTE MAXIMUM RATINGS 


Supply voltage (1) 


Supply voltage (2) 
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Note 1: Referenced to GND=0. 
Note 2: Applied to input terminals (except Vl, V2, V3 and V4), and I/0 
common terminals. 7 
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Note 3: Applied to terminals Vl, V2, V3 and V4. 


MI ELECTRICAL CHARACTERISTICS 


(Vcc=+5V£10%, GND=OV, Vep=01-5.5V, Ta=-20V+75°C) (Note 4) 


Input “High" voltage(CMOS) vc{ «0. Vee] = | 
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Note 5 
‘Note 6 
Note 7 


Note 


ilete 8s. 


Note 9: 


| Note 10: 





Note ll: 


Note 12: 


Applied to input terminals, “, FRM. CL..BS. RST, 6 


Specified within this range unless otherwise noted. 
Applied to M, FRM, CL, BS, RST, $1, $2. 


Applied to CS1 to CS3, E, D/I, R/W and DBO to DB?. 


Applied to DBO to DB7. = 7 
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E, D/I and R/W, and I/O common terminals “?@ 


Applied to Vl, V2, V3 and V4. 





ol and $2 AC characteristics. 


Duty 





1 
roe Th 


| nN 


Measured by Vcc terminal at no output load, at 1/32 duty, and frame 
frequency of 65Hz, in checker pattern display. Access from the CPU. 
is stopping. | a | 


Measured by Vcc terminal at no output load, 1/32 duty and frame 
frequency of 65Hz. 


@INTERFACE AC CHARACTERISTICS 
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E cycle time CYC 100 
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Data delay time CDDR 


Data hold time at write 


nm | oe _ 
als|. [ale 
a 
> 


Data hold time at read 


Note 13: At CPU write Note 14: At CPU read 
tore 
2.0V E Pwen 
0.8V Power. Pwer | 
i tr te 
RW 2.0V+4 
0.8V4 


ed 
CSi~s 2.0v\ | CS~s 2.0V% 
nA 0.8V | D/t_.8v. 





Note 15: DBO to DB7 load circuits 


Rr = 2.4k2 

R = L1Lk? 

C = 130pF (including jig capacity) 
Diodes Dl to D4 are all 182074{(H) 


Test point 





Note 16: Display OFF at initial power up. 
The HD44102CH can be placed in the display OFF state by setting 


terminal RST to "LOW" at initial power up. 


No instruction other than the Read Status cannot be accepted while 
the RST is in the "Low" level. es : 





ME TERMINAL FUNCTIONS DESCRIPTION 


Signal Number of | L a _ re ee 


Y1vY50 50 ‘Liquid crystal display drive output. — a 
| Relationship among output level, M and display data 
(CD): | | | 






1 I Enable 


At write (R/W=L): Data of DBO to DB7 is latched 
at the fall of E. 

At read (R/W=H): Data appears at DBO to DB7 
while E is in "High" level. 


Sf i 1 | : a os . a . ‘ eee 2 . ¢ \ : 
gnal |Number of 1/0 Function 


name j|terminals | 


R/W 









| Read/Write 





R/W=H: Data appears at DBO to DB? and can be read 
by the CPU when E=H and CS2/CS3="H". 

R/W=L: DBO to DB7 can accept input when CS2/CS3=H 

or CS1=H. 












Xs 


{RY | Data/Instruction 






_ D/I#H: Indicates that the data of DBO to DB? is 

et - display data. 

D/I=L: Indicates that the data of BDO to DB? is 
dispkay control data. 














Three-state I/O common terminal 


R/W CS3 | State of DBO to DB? 


| * | Input state, 


High impedance 


High impedance 


















Signal to convert liquid crystal display drive 
output to AC 












CL Display synchronous signal 
At the rise of CL signal, the liquid crystal dis- 
play drive signal corresponding to display data 
appears. 

FRM Display synchronous signal (frame signal) 





This signal presets the 5-bit display line counter 
and synchronizes a common signal with the frame 
timing when the FRM signal becomes high. 










2-phase clock signal for internal operation 


The $1 and $2 clocks are used to perform the 
operations (input/output of display data and exe- 
cution of instructions) other than display. 









Reset signal 





The display disappears and Y address counter is set 
in the UP counter state by setting the RST signal 
to "Low" level. After releasing reset, the dis- 

play OFF state and up mode is held until the state 
is changed by the instruction. 












Bus select signal 





BS=L: DBO to DB7 operate in 8-bit length. 

BS=H: DB4 to DB7 are valid in 4-bit length only. 
8-bit data is accessed twice in the high 
and low order. 











| Signal} Number of | 


name {serine |" | - - Function 





Power supply for liquid crystal display drive. 


Vl and V2: Selection voltage | | ( 
V3 and V4: Non-selection voltage “ 


Power supply. 


‘ 


a ‘Vcc-GND: Power ‘supply’ for fatesial ae — 
Vcc-VEE: Power supply for liquid crystal eEeerae | 
drive circuit logic 


___ MIFUNCTION OF EACH BLOCK 


‘ @ Interface Logic 

The HD44102CH can use the data bus in 4-bit or 8-bit word length to enable 
the interface to a 4-bit or 8-bit CPU. 

(1) 4-bit mode (BS=H) 


8-bit data is transferred twice for every 4 bits through the data bus 
when the BS signal is high.. The data bus uses the high order 4 bits 
(DB4 to DB7). First, the high order 4 bits (DB4 to DB/7 in 8-bit data 

_ length) is transferred and then the low order 4 bits (DBO to DB3 in 8- 
bit data length). 
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(Note) Execute the instructions other than Status Read in 4-bit length each. 
The busy flag is set at the fall of the second E signal. The Status 
Read is executed once. After the execution of the Status Read, the 
first 4 bits are considered the high order 4 bits. Therefore, if the 
busy flag is checked after the transfer of the high order 4 bits, 
retransfer data from the higher order bits. No busy check is required 
in the transfer between the high and low order bits. 


(2) 8-bit mode (BS=L) 


If the BS signal is low, the 8 data buses (DBO to DB7) are used for data 


transfer. 


DB? ... MSB (Most significant bit) 
DBO ... LSB (Least significant bit) 


For AC timing, refer to (Note 12) to (Note 15) of "ELECTRICAL CHARACTER- 
ISTICS". 


@Input Register 


8-bit data is written into this register by the CPU. The instruction and 
display data are distinguished by the 8-bit data and D/I signal and then a 
given operation is performed. Data is received at the fall of E signal when 


the CS is in the select state and R/W is write state. 


@Qutput Register 


The output register holds the data read from the display data RAM. After 
display data is read, the display data at the address now indicated is set in 
this output register. After that, the address is increased or decreased by l. 
Therefore, when an address is set, the correct data doesn't appear at the 
read of the first display data. The data at a specified address appears at 


the second read of data. 
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® X,Y Address Counter 


_ The XY address counter holds an address for reading/writing display data RAM. 
An address is set in it by the instruction. The Y address register is com- 
posed of a 50-bit UP/DOWN counter. The address is increased or decreased by _ 


1 by the read/write operation of display data. The UP/DOWN mode can be _ 


. determined by the instruction or RST signal. The Y address register loops 


the values of 0 to 49 to count. The X address register has no count func- 


@Display ON/OFF Flip Flop 


This flip flop is set to ON/OFF state by the instruction or RST signal. In 
“the OFF state, the latch of display data RAM output is held reset and the 
display data output is set to 0. Therefore, display disappears. In the ON 
state, the display data appears according to the data in the RAM and is dis- 
played._..The_display data in the RAM is independent of the display ON/OFF. 


@UP/DOWN Flip Flop 
This flip flop determines the count mode of the Y address counter. In the UP 


mode, the Y address register is increased by 1. 0 follows 49... In the DOWN 


mode, the register is decreased by 1. 0 is followed by 49. 


@ Display Page Register 


The display page register holds the 2-bit data that indicates a display start 
page. This value is preset to the high order 2 bits of the Z address counter 
by the FRM signal. This value indicates the value of the display RAM page 
displayed at the top of the screen. 


@Busy Flag 


After the instruction other than Status Read is accepted, the busy flag is 
set during its effective period, and reset when the instruction is not effec- 


Cive. The value can be read out on DB7 by the Status Read instruction. 


The HD44102CH cannot accept any other instructions than the Status Read in 
the busy state. Make sure the busy flag is reset before the issue of in- 


struction. 
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ee eee ae 
Fd is ot, $2 frequency (half of HD44103CH 
oscillation frequency) 


@ 7 Address Counter 


The Z address counter is a 5-bit counter that counts up at the fall of CL 
signal and generates an address for outputing the display data synchronized 
with the common signal. 0O is preset to the low order 3 bits and a display 
Start page to the high order 2 bits by the FRM signal. 


@ Latch 


The display data from the display data RAM is latched at the rise of CL 


signal. 


@® Liquid Crystal Driver Circuit 


Each of 50 driver circuits is a multiplex circuit composed of 4 CMOS switches. 
The combination of latched display data and M signal causes one of the 4 


liquid crystal driver levels, Vl, V2, V3 and V4 to be output. 


-@Display RAM 


(Display start page 0, 1/32 duty) 
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Relationship between Data in RAM and Display 


Display pattern 


Data in display 
RAM 


WIDISPLAY CONTROL INSTRUCTIONS 


(1) Read/Write Display Data 


MSB DB LSB 

R/W D/I 7 65 4 3 2 1 «0 
l l (Display data) Read (CPU + HD44102CH) 
0 l (Display: data) | Write (CPU > HD44102CH) 


Sends or receives data to or from the address of the display RAM specified in 
advance. However, the dummy read may be required for reading display data. 


Refer to the description of the output register in the FUNCTION OF EACH BLOCK. 


(2)}Disptay ON/OFF 


_ MSB DB LSB 
R/W D/I 7 65 4 3 2 1 90 
0 0 0o1%1 10 0 1 Display ON 
0 0 @01110 0 0 Display OFF 


Controls the ON/OFF of display. RAM data is not affected. 


(3) Set X/Y Address 


ons 


MSB DB LSB Y address 
R/W D/I 7 6 5 4 3 2 1 =0 
0 0 0 0 
0 0 O 1 #£Binary numbers 
0 0 1 0 of 0.49 
0 0 k 


ee a ns 


X address Y address 
(page) (address) Display Data RAM 





(4) Display Start Page 


MSB DB LSB 
R/W D/I 7 6 5 4 3 2 1 =~0 
0 0 0 01 1 1 121 0~—..... Refer to Fig. A. 
0 0 Oo 2 £ kt £1 0 semen Refer to Fig. B. 
0 0 tO 2. FL tf FO. wees Refer to Fig. C. 
0 0 2 2 a a. 2 OE OCR k wes Refer to Fig. D. 
hy 
Display 


start page 


Specifies a RAM page displayed at the top of the screen. Display is as shown 
in Figs. A, B, C and D respectively. When the display duty is more than 1/32 
(For example, 1/24, 1/16), display begins at a page specified by the display _ 


start page only by the number of lines. 


Start page = page 0 














A Page 0 EE A 
Fig. A f N 
B Page 1 B 
Cc Displayed up to 
here when display 
D duty is 1/N. 
“  (N=8, 12, 16, 24,© 
Display Data RAM Liquid Crystal Screen 32) 
Start page = page l 
B 
Fig. B N 
C 
‘ 
A 
Display Data RAM Liquid Crystal Screen 
Start page = page 2 | 
A P 0 : C. 
Fig. C — 
B Page l > 'B) 
So 
Cc Page 2 — iP A 
-—-- 
| 0 Page 3 g B 
Display Data RAM Liquid Crystal Screen 


Start page = page 3 
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Fig. D 
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Display Data RAM Liquid Crystal Screen 


(5) UP/DOWN Set 


R/W D/T 
0 0 
0 0 


7 
0 
0 


6 
0 
0 


—~ em 


4 3 2 1 =O 
11 0 1 1 
lL 1 0 1 O 


UP mode 
DOWN mode 


Sets Y address register in the UP/DOWN counter mode. 


(6) Status Read 
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[| Goes to "1'' when RST is in the reset state 


state. 


Goes to 
Goes to 


Goes to 


Goes to 


Goes to 


UP mode. 
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DOWN mode. 


oe LL 


(Busy also goes to "1"). 
Goes to "0" when RST is in the operating 


in the display OFF state. 
on the display ON state. 


when address counter is in the 


when address counter is in the 


while instructions (1) ¥(5) are 


being executed. 
During "1", none of instructions (1) (5) 
are accepted. 


MCONNECTION BETWEEN LCD DRIVERS (EXAMPLE OF 1/32 DUTY) — 


CRRC x, [— 
' To liquid crystal 
| display 
X20t— 
ads Voc | 
HD44103CH dined IB GNO © Josseetcere 
(Master) ~--fS ey : : : 
OST ' so 
psi FRM 





HD 44102CH 
No 1 
‘To liquid crystal eee ee 
| _ tdisplay | Y; Y50 
HD44103CH Xe ) 
(Slave) SHL ; Vec FRM 
M/S ce GNO 
FST M 
OS; z HD 44102CH 
OS, CL 
bs,{ | ; No 2 
Z 
CR R C ‘ 
2 
open open 


M INTERFACE TO CPU 


(1) Example of connection to HD6800 


RaEwerren “omnty ed 


Decoder 
Aus cS, 
‘ Hm cs, 
| 
CS 
i: eK oh 
R/W -R 
D; ‘DB, 
Voc ( 
ES RST. 


Example of Connection to HD6800 Series 


In the decoder given in this example, the addresses of HD44102CH in the 


address space of HD6800 are: 


Read/write of display data : S$'FFFF' 
Write of display instruction: S$'FFFE' 
Read of status >: $'FFFE' 


Thus, the HD44102CH can be controlled by reading/writing data at these 


addresses. 


(2) Example of connection to HD6801 


T4LS 154 





CS, 
CS: 
CSs © 
i 
P 0/1 
_s 
Psy OB, 
(Data bus) 
we Pigg 


- The HD6801 is set to mode 5. P10%P14 are used as output ports, and 


P30 VP37 are-used—as data buses. 


- The 74LS154 is a 4-to-16 decoder that decodes 4 bits of P10 VP13 to 
select the chips. 


- Therefore, the HD44102CH can be controlled by selecting the chips 
through P10 VP13 and specifying the D/I signal through P14 in advance , 


and later conducting memory Read or Write for external memory space 
($0100 to $O1FF) of HD6801. . The IOS signal is output to SCI, and the 


R/W signal is output to SC2. 


- For further details on HD6800 and HD6801, refer to each manual. 


M CONNECTION TO LIQUED CRYSTAL DISPLAY 
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Liquid crystal display panel 
32 x 150 dots 
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(a) Example of connection of 1/32 duty, l-screen display 







Liquid crystal display panel 
16 x 100 dots 


(Master) 
~~ 
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(b) Example of connection of 1/16 duty, l-screen display 


HO 44102CH 
Na 10. 
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“Liquid crystal display panel 


64 x240 dots — 
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Y; a———_ Yoo 





YY," Yan . 


HO 44102CH 
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(c) Example of connection of 1/32 duty, 2-screen display 


HD441035CH (DOT MATRIX LIQUID CRYSTAL 
GRAPHIC DISPLAY COMMON DRIVER) 


The HD44103CH is a common signal driver for 
dot matrix liquid crystal graphic display 
Systems. It generates the timing signals 
required .for display with its internal 
oscillator and supplies them to the column 
driver (HD44302CH) to control display, also 
automatically scanning the common signals 
of the liquid crystal according to the 
display duty. It can select 5 types of 
display duties ratio: 1/8, 1/12, 1/16, 
1/24 and 1/32. 20 driver output lines are CFP-60) 





provided, and the impedance is low (5002 


max.) to enable a large screen to be driven. 


M FEATURES 
- Dot matrix liquid crystal graphic display common driver incorporating the 
timing generation circuit in it. 


- Internal oscillator (Oscillation frequency can be selected by attaching 


an oscillation resistor and an oscillation capacity) 
- Generates display timing signals. 
- 20-bit bidirectional shift register for generating common signals 
- 20 liquid crystal driver circuits with low output impedance 
- Selectable display duty ratio: 1/8, 1/12, 1/16, 1/24, 1/32 
- Low power dissipation 
- Power supplies: Vcc ... +5V+#10%Z, Ver ... O to -5.5V 
- CMOS process 


- 60-pin plastic flat package 
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@ TERMINAL ARRANGEMENT LIST 
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Pda N.C. 

15 | N.C. 
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| 29}  Vsun | Connect to Vcc. 
(39{ RK || 


(Note) N.C.: Unused terminal 
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VouB to Vcc: 
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~"@ ABSOLUTE MAXINUM RATINGS 


: Vec-13-5 ~ VectO.3 | a (14) en 




























areca ron ere 
| Operating -temperature opr -20 4% | oa sc} 


an Note lL: Referenced to GND=0. 





Note 2: Applied to input terminals and I/O common terminals except Vl, V2, 
V3 and V4. 3 7 


Note 3: Applied to terminals Vl, v2, V3 and V4.. 


Note 14: Connect a protection resistor of 22045% to VEE power 
supply in series. 7 


@ ELECTRICAL CHARACTERISTICS 


(Voc=+5Vt10%, GND=OV, VgE=0 to -5.5V, Ta=-20 to +75°C) (Note 4) 


Symbol] Test condition | Min. Typ | Max. Unit |Note | 


‘Input "low" voltage IL 0 
H ‘ 





“~~ 
Ww 
~ 






-“-~ 
Ww 
de 


rence = | 
00 560 kHz (10) 





zt 


Output "high" voltage Vo 





von a 
1°.) ~~ 
ee ed 


oat 


rh 

“” 

s 
No) J 
ww 


3 Re #70k22% 
- Oscillation frequency fosc Ce= 10pF452 : 3 
External clock operating F 
frequency a cae 


External clock duty 


om) 


Shift frequency | |In slave mode 
= | 56 










External clock rise time 





© 
Cc 
ct 
<< 
a Wn 
Ww 
OQ 
e 
7) 


| External clock fall time | tg, 


se. eg 


Pan seh ab ee 






| (master) 
Dissipation current 
(slave) 


_ Note 


Frame frequency 
=/0Hz 





4 Specified within this range unless otherwise noted. 
5: Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR and DL. 

Note 6: Applkied to DL, DR, M, FRM, CL, ¢1 and #¢2. 
7 


Note 7: Applied to input terminals CR, FS, DS1l to DS3, SHL and M/S, and I/0 
common terminals DL, DR, M and CL at high impedance. 


Note 8: Applied to VI, V2, V5 and V6. 


Note 9: Shift operation timing 


3 


0.7 Voc 
D a { 
L/OR 0.3Vec | 
ie 
tsu 
0.7 Vcc 4 H 


0.3 Vcc # 





CL 





tr - tf 


Note 10: Relationship between oscillation frequency and R¢£/C¢ 


CR oscillator 
The values of Rf and Cf are typical values. 






R 
C The oscillation frequency varies with the 
R¢ mounting condition. Adjust oscillation 
frequency to a required value. 
CR 
Vcc = 5V 
Ta = +25°C 
5001 
400 
fosc 3007 Cf=6pF 
(kHz) 2004 Cf = 10pF 
100 


50 100 180 CkQ) 


Note ll: 








vay = aT 
rcp tfep 
open +C 
- open R 


External clock-——{CR 


a | ae 


Note 12: Measured by Vcc terminal at output non-load of R¢= =70R0427 and 
Ce=10pF45%, 1/32 duty in the master mode. 


Note 13: Measured by Vcc terminal at output non-load, 1/32 auey: frame 
frequency of /0Hz in the slave mode. 


@ TERMINAL FUNCTIONS 


Terminal] Number of P 
; I/O Function 
name terminals 


X1VX20 








Liquid crystal display driver output. 
Relationship among output level, M and data (D) in 
shift register. 


Oscillator 


CR oscillator 





MS 1 | r/o} ‘Signal for converting liquid. crystal display driver 
| signal into AC | 


Master: Output terminal 


» Stavert- crput perminados 





TerminaltNumber of 
Function 
name terminals 








DS kvUDS 3 






Frame signal, Display synchronous signal | 





£0 ‘Shift register shift clock. 





Master: Output terminal 
Slave : Input terminal 





Display duty ratio select. 


Display — 
a | eee 3 


ea ATER TCs 
pL IL THUR] L 
CL 


Frequency select. 


The relationship between the frame frequency frpry 
and the oscillation frequency fosc is as follows: 


FS="H": fosc = 6144 x frpM coe (1) 
FS="L":  fosc = 3072 x fppy --- (2) 


Example 1) When FS="H", adjust Rf and Cf so that 
the oscillation frequency is approx. 
430kHz if the frame frequency is 70Hz. 


Example 2) When FS="L", adjust Rf and Cf so that 
the oscillation is approx. 215kHz, in 
order to obtain the same display wave- 
forms as Example 1. When compared with 
Example 1, the power dissipation is 
reduced because of the operation at 
lower frequency. However, the operating! 
clocks $1 and $2 supplied to the column 
driver have lower frequencies. There-. 
fore, the access time of the column 
driver HD44102CH becomes longer. 


I/O | Data I/O terminals of bidirectional shift register. | 





SHL 1 Shift direction select of bidirectional shift 
register. 
SHL Shift direction 
pH | DL + DR 
DL + DR 


Terainal Number of 
PuRnceion 
name {terminals 


Fapcreeeiaae select. 















M/S="H": Master mode 
The oscillator and timing generation circuit 
| Daeinvoe to Pepa display eee — ee 
Ao oa dw Me sy ce: noe ae nin 4 
| a ge ‘ 





. eS. aS cee 1 ES oon 
RR, ing “4 ray ae i 


output state. 


M/S="L": Slave mode 
The timing generation circuit stops operating.} 
The oscillator is not required. Connect ter- 
minal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and 
terminals M and CL are placed in the input 
state. Connect M, CL and one of DL and DR of 
the master to the respective terminals. 
Connect FD, DS1, DS2 and DS3 to Vcc. 


When Civs’sy; “sty rattc *s 1/8, 1/12 or 1/16, one 
HD44103CH is required. Use it in the master mo. :. 


When display duty ratio is 1/24 or 1/32, two 
HD44103CHs are required. Use the one in the master 
mode to drive common signals 1 to 20, and the other 


in the slave mode to drive common signals 21 to ae 
C32). 


line géun ‘an cos” 


Operating clock output terminals for HD44102CH. 





The frequencies of gl and $2 become half of 
oscillation frequency. 






Liquid crystal display driver level power supply 


Vl and V2: Selected level 
V5 and V6: Non-selected level 














Power supply. 


Vcc-GND: Power supply for internal logic 
Vec-Yer: Power supply for driver circuit logic 





@ BLOCK FUNCTIONS 


Oscillator 


The oscitlator is a CR oscillator that attaches an oscillation resistor Rf 
and oscillation glee Cf. The oscillation frequency varies with the values — 
fe Risamd: Cf and thesmounetig-coh@ittons. Refer to ELECTRICAL CHARACTERISTICS 


“ 5 ya enn Ye 
ee, ats rn a 


(Note 10) to “make proper adjustment. 





Timing Generation Circuit 


The timing generation circuit divides the signals from the oscillator and 
generates display timing signals (M, CL and FRM) and operating clock ($1 and 
$2) for HD44102CH according to the display duty ratio set by DS1l to DS3. 

In the slave mode, this block stops operating. It is meaningless to set. FS, 


DS1 to DS3.. However, connect them .to Vcc to prevent floating current. 


Bidirectionat Shift Register 


This is a 20-bit bidirectional shift register. The shift direction is 
determined by the SHL. The data input from DL or DR performs a shift opera- 


tion at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 20 driver circuits is a multiplex circuit composed of four CMOS 
switches. The combination of the data from the shift register with M signal 
allows one of the four liquid crystal display driver levels Vl, V2, V5 and 


V6 to be transferred to the output terminals. 


@ APPLICATIONS 


Refer to the applications of the HD44102CH. 


HD61830 (DOT MATRIX LIQUID CRYSTAL 
GRAPHIC DISPLAY CONTROLLER) 


The HD61830 is a dot matrix liquid crystal graphic display controller LSI 


that stores the display data sent from an 8-bit microcomputer in the external 


_. RAM to generate dot matrix liquid crystal driving signals. | 


It is possible to select the graphic mode in which the l-bit data of the 
external RAM corresponds to the ON/OFF state of 1 dot on liquie crystal dis- 
play and the character mode in whitch characters are displayed by storing 
character codes in the external RAM and developing them into the dok patterns 


with the intermal character generator ROM. Both modes can be provided for 


various applications. 


The HD61830 is produced in the CMOS process. Thus, the combination with a 


CMOS microcomputer can accomplish a liquid crystal display device with lower _ 


power dissipation. 


NH PIN ARRANGEMENT 
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SYNC [i2| 47} 0 1 
we [13] 465 CL 2 
RES '457RO 0 
cs fis] 44] RO 1 
e fis [43} RO 2 
Rw [i7) 42] RO 3 
As [ie rat) RO 4 
ma [19] PaO} RO S 
GNO [20, 55} RO 6 
087 [21] 38} RO 7 
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oss [23] 5S) MO 1 
BIE BISIBIGMIEIEIBIERIE 
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(Top View) 


AP FEATURES 


ese Dot matrix liquid crystal graphic display controller 


. Display control Capacity 


- €raphic mode sss SE2K de as, . iw, (2° PY oees) 
“Character mode ..... 4096 . iaracrers (z°*~ char. c rs) | 
- Internal character generator ROM rere (7360 bits 


160 t £ 5x7 dot ch t e t 
ypes oO O Cc arac er oncs Total 192 types 


32 types of 5xll dot character fonts 
(Can be extended to 256 types (4K bytes max.) by external RoW) 


Interfaceable to 88-bit MPU 


Display duty (Can be selected by a program) 
Static to 1/128 duty selectable 


: Various instruction functions 


Scroll, Cursor ON/OFF/b1ink, Guavaceer blink, Bit manipulation 
. biasing method. ..... Selectable A or B types | 
Internal oscillator (with external resistor and capacitor) 
Low er dissipation 
- Power sipeive Single +5V 
CMOS process 


60-pin flat plastic package 


0B0~08B/7 


CS 
E 
RS 
R/W 
RES 











SYNC CL! MAMBFLM 










Refresh address 
J counter (1). 







WYYOVIC XD019 M 































oS (RACY) 9 
= 7 Refresh address A} 
vw co counter (2) po 
7 a bo (or A ' Cursor adress D 
i pa = 5 Dot regis- counter. eo 
+s tae ters (CAC) a —e 
(DR) 
. t eee eer ] 
w > | Extended 
H feces address L.-J external 1 
ae | ‘ 
w | counter 1 ROM ' 
= | | Character L---y~----4 
| — | generator 1 
md A ROM (CGROM) : 
- Cursor 
signal 3 
enerator{| ||} | [ |" @- ae 
= : | & RO0O~RDO7 
be Oo Control 
oa oO signal 
5 = 
La ‘e) 
rw) © 
Busy 2 
a O 
(BFS = 1 
Oscillator | . 
circuit Pacallel/ 
serial —- 02 
CL2 Rf CPO * When extended external ROM is used MAO VMA11 


are applied to RAM, MA12.MA15 are applied to 
extended external ROM. | 


MBLUCK FUNCTIONS 


@Registers 


The HD61830 has the five types of registers: instruction register (IR), data 


al § 
‘hog e 





input register (DIR), data output register (DOR), dot registers (DR) and q 
_ control en (MCR) . | | 

The IR is a 4- bit register: enien stores the. dnevpucnion codes for pecteae 

MCR, DR, a start address register, a cursor address register and so on. The 


lower order 4 bits DBO to DB3 of data buses are written in it. 


The DER is an 8—bit register used to temporarily store the data written into 


the external RAM, DR, MCR and so on. 


. The DOR is an 8-bit register used to temporarily store the data read from the. 


“external RAM. Cursor address information is written into the CAC through the 


DIR. When the memory read instruction is set in the IR (latched at ene fall- 
ing edge of E signal), the data of external "RAM ae read to DOR by an interns: 
operation. The data is transferred to the MPU by reading the DOR with the 

next instruction (the contents of DOR are output to the data bus when E is at 


"High" level). 


The DR are registers used to store the dot informations such as character 
- pitches and the number of vertical dots and SO on. The information sent from 


the MPU is written into the DR via the DIR. 


The MCR.is a 6-bit register used to store the data which specifies states of 
display such as display ON/OFF and cursor ON/OFF/blink. The information sent 


from the MPU is written in it via the DIR. 


@ Busy Flag (BF) 


With "1", the busy flag indicates the HD61830 is performing an internal 
Operation. The next instruction cannot be accepted. As shown in Control 
Insctruction(14),the busy flag is output on DB/7 under the conditions of RS=1, 
R/W=l1 and E=l. Make sure the busy flag is "0" before writing the next in- 


struction. 


@® Dot Counters (DC) 


The dot counters are counters that generate liquid crystal display timing 


“ according to the contents of DR.. 


@ Refresh Address Counters (RACI/RAC2) 


The refresh address counters are counters used to control the addresses of 
external RAM, having the two types: RAC1 and RAC2. The RACI1 is used for 
upper half of screen and the RAC2 for lower half. In the graphic mode, 16- 
bit data is output and used as the address signal of external RAM. In the 
~ character mode, the high order 4 bits (MA12\MA15) are ignored. The 4 bits 


of line address counter are output and used as the address of extended ROM. 


@ Character Generator ROM 


The character generator ROM has 7360 bits in total and stores 192 types of 
character data. A character code (8 bits) from the external RAM and a line 
code (4 bits} from the line address counter are applied to its address sig- 


nals, and it outputs 5-bit dot data. 


The character font is 5x7 (160 types)’ or 5xll (32 types). The use of ex- 
tended ROM allows 8x16 (256 types max.) to be used. 


@®Cursor Address Counter 


The cursor address counter is a 16-bit counter that can be preset by the 
instruction. It is used to hold an address when the data of external RAM is 
read or written (when display dot data or a character code is read or written). 
The value of cursor address counter is automatically increased after the 
display data is read or written and after the Set/Clear Bit instruction is 


executed. 


@Cursor Signal Generator 


The cursor can be displayed by the instruction in the character mode. The 
cursor is automatically generated on the display specified by the cursor 


address and cursor position. 


®Parallel/Serial Conversion 


The parallel data sent from the external RAM, character generator ROM or 
extended ROM is converted into serial data by two parallel/serial conversion 
Circuits and transferred to the liquid crystal driver circuits for upper 


Screen and lower screen simultaneously. 


MTERMENAL FUNCTIONS 


Function | 


Data bus ... Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB/. 








Chip eo ee with CS8= =0. 





Read/Write pee R/W=1 1... MPU + + -HD61830_ 
R/W=0 ... MPU + HD61830 










' Register select ... RS=l ... Instruction register 
RS=0 ... Data register 










Enable ... Data is written at the fall of E. 


Data can be read while E is l. 


| CR, R, C CR oscillator ia 


Reset ... Reset=0 results in eTEpEey. OEP ene eree mode. 


ou manne eo ° rene <n AP US iA AOL Be atl ban OS TES Sa a : 








MAO%15 








External RAM address output 


- In character mode, the line code for Perry CG is eurese 
through MA12 to MAIS ("O": Character Ist line, 
"F": Character 16th line). 


Display data bus ... Three-state I/O common terminal. 







ROM data input_.... Dot data from external character Bevery. 
is input. moo 






Write enable ... Write signal for external RAM. 






CL2 Display data shift clock for LCD drivers. 
CL1 Display data latch signal for LCD drivers. 
FLM Frame signal for display synchronization. 








_ Signal | for converting liquid. cyeran driving signal into AC, 







eu a converting liquid crystal driving signal into AC, 


Display data serial output 






Dl ... For upper half of screen 
D2 ... For lower half of screen 





CPO Clock signal for HD61830 in slave mode. | 
SYNC | Synchronous signal for parallel operation. 


Three-state I/O common terminal (with pull- ap, MOS) . 


Master ... ‘Synchronous signal is output. 
“Slave... fot bcirisinton pees is Pasa 
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MABSOLUTE MAXIMUM RATINGS 


: a sh L Li ae 7 } + 
. e Sar a Jatt ge TE Pee fhe ohio see 
Terminal voltage Vr. 0. cct0. 3 


Operating temperature -20 ~ +75 "G 


Storage temperature 





Note 1: All voktage is referenced to GND=0. 


MELECTRICAL CHARACTERISTICS 


—— (Vec=5V4+5%, GND=OV, Ta=-20.475°C) | 


Item Symbol] Test condition] Min. | Typ] Max. |Unit|Note | 
an wal tale tie ° 
Input "Low" vortage (TT)| vr, | fo | - fos | v |] 
en a ee 


ome viene a] ne | former] = [ee |» | 
Input "Low" voltage (CMOS)! VILC ae ) | 
Output "High" voltage (TTL) —EoQy=0.6mA Vcc-0.4 


< ° 

O 

2) 
a 

o~ 
BE 

al 


co) < 
— © 
be 
5 < 
-~ 
Ne) 
ww 


Output "Low" voltage (TTL) Vor | Tou=1-6ma° | 0 (6) 

Output "High" voltage(CMOS) -IQgH=0.6mA 

Output "Low" voltage (CMOS) : V 
5 hua | (8) 


Leakage current 


Tin Vin=O-Vcc = 


Output leakage current Tout | Yout=9 Vcc -10 


CR oscillation 
fosc=500kHz | 
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a 
g 

= 
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~~ 

© 

ol 
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" 
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eV) 
N 
n 
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x 


Power dissipation (1) 


Pw] 10 
Power dissipation (2) Pw2 
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| © 
* 
= 
or 
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Internal clock operation 


—> =p aun GDP a= a= oD —_ ep ame gee a em 


hee 
Clock oscillation frequency| fosc anaes 350 500 — 650 kHz |(11) 





External clock operation 


an eee eee own een een emp owen «en ean eee eee eee Ow 6 eam ee 


.Extermal clock operating | 3 
frequenc fcp | 500 | 1100 | kHz (12) 
















‘External Siock rise edie tye 


p ) - - “d Uso | 
eros Pest —— FFs asl [a 


Note: The I/O terminals are of the following configuration: 











. “@Shape of Input Terminal @Shape of Output Terminal 
_ Applicable terminal: CS, E, RS, R/W, Applicable terminal: CL1, CL2, 
_ RES, RDO to RD7, CR MA, MB, FLM, COP, Dt, D2, WE, MAU 
an | | MALS 
ne Z | | | vec 
PMOS 
doy ft NMOS 
@Shape of I/0 Common Terminal 
Applicable terminal: DBOVDB7, SYNC, MDOWMD7 
Vee Vee Enable 
NMOS NMOS Data 


Note 2: Applied to input terminals and I/O common terminals, except terminals 
SYNC, CR and RES. | 


Note 3: Applied to input terminals and I/O common terminals, except termina 
SYNC and CR. 


“Note 4: Applied to terminal RES. 
Note 5: nope to terminals SYNC and CR. 


Pee eae 
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Note 7 


Note 


Note 9: 


_10: 


Applied to terminals SYNC, CPO, FLM, CL1, CL2, Dl, D2, MA and MB. 
Applied to input terminals. 


Applied to I/0 common terminals. ueyeters the current which flows 
into the output drive MOS. Agere lauded | 


Se stain 





The current which flows into the. input and output circuits is ex- 


@2 "eluded. When the input of CMOS is in the intermediate level, current 


flows through the input circuit, resulting in the increase of power 
supply current. To avoid this, input must be fixed at high or low. 


The relationship between the operating frequency and the power dissipation 


is given below. 


Note ll: 





250 500 750 1000 1250 1500 
f osc (kHz) 


Applied to the operation of internal oscillator when oscillation 
resistor Rf and oscillation capacity Cf are used. 


Ce =15pF +5 
Re = 39k + 2 


(when fosc = 
500kHz typ) 


Nw Xx 





The relationship among oscillation frequency, Rf and Cf is given below. 





— — 


3 Upea Cc 3 
Oscillator CR 


Note 13: Applied to SYNC, DBOVDB7, and RDOVRD7. 








: «100% 
trop. tfcp Th+ TI | 


BM TIMING CHARACTERISTICS 


eBus Read/Write Operation (Interface to MPU) 


2.2V 


€ 
0.8V 
tEr tef 
tAS tAH 
2.2V | | | 
cS, R/W, RS 4 a: 
0.8V | 
tH 


DB, hom \ 
(MPU--HD 61830) 0.8V 


tDH 
tDDR. . 


DB, f2. 4V 
(MPU-HO61830) = SXnav | 







Enable rise time 









| En able fa Lk lt ime © ee ae 


Serie a 
Data delay time CDDR 

[Data hold tine te 
Recseciinoali soit ES 
i a 









Note: The following ‘oad circuit is connected for specification: 


Vec 


Test 

point 
Rr = 2.4 kQ 
R = 11kQ 
C = 130 pF 


Diodes Dl to D4: 182074(H) 





SYNC pulse width “High" level Ctwsy | 900 | =| 
CPO cycle time | Ls | | Ccepo ; 900 Ls | 
| a "High" level tWCPoH | 450 —- 
CPO pulse width : 
"Low" level | tWCPOL | 450 La 
MAO to MA15 refresh delay time | tpmar 200 
MAO to MA15 write address delay time | tpmMaw | 200 


elnterface to External RAM and ROM 


SYNC t } Vcc 
tesv Cosy t ccro 
CPO 


M Ao~is 


MO 0-7 


RD o~7 


rll 





SYNC delay time 200 





rt 

=) 

YY 
ie 


NO NO 
© © 
© =) 





MDO to MD7 write data delay time 


MDO to MD7, RDO to RD7 setup time — | 


Memory address setup time . | 250 
Memory data setup time 250 


aH 


WE delay time 


WE pulse width ("Low" level) 


: 


450 


Note 1: No load is applied to all the output terminals. 


Note 2: "x" indicates the delay time of RAM and ROM. 


@ Data Transfer to Driver LSI 


Cll 


tan a , 





——tWCL2 


“C2 ) : 
= ; CwCL—et 
- ™ 


FLM 





D1 


any 
—VC 
1 — 
tpD . D 
1 
D2 


Clock delay time 


Clock cycle time 





Note: No load is applied to all the output terminals (MA, MB, FLM, D1 and 
D2). | ae » 1 Bats. ; ee ae ee = 
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Display is controlled by writing data into the instruction register and 13 : 
data registers. The RS signal distinguishes the instruction register from 
the data registers. 68-bit data is written into the instruction register : 
with RS=l, and the code of data register is specified. The 8-bit data is - 
wvitten in the data register and the specified instruction is executed with | 


POS NE a O _ 
wo haw. e 


During the execution of the instruction, no new instruction can be © 
accepted. Since the busy flag is set during this, read the busy flag and 


make sure it is 0 before writing the next instruction. 


(1) Mode control 


Code $''00" (hexadecimal) written into the instruction register specifies 


the mode control register. 












Graphic/character 
displa 








: Cursor/blink 


. Cursor OFF | 






Character display 
(Character mode) 


Cursor OFF, character blink | 


Cursor blink kb ae | 


Internal 


CG 


Cursor OFF 


External 
CG 





Graphic mode | 





Master mode 
Slave mode 


Display ON | 
Display OFF _ 


Na 
0: 
1; 
O: 


(2) Set character pitch 


Ttosewerion vee. | 0 [i | ofofofo 


Character pitch 
-- TePe | | 





Vp indicates the number of vertical dots per character. The space be- 
tween the vertically-displayed characters is considered for determina- 
tion. This value is meaningful only during character display (in the 


character mode) and becomes invalid in the graphic mode. 


The Hp indicates the number of horizontal dots per character in display, 
including the space between horizontally-displayed characters. In the 
graphic mode, the Hp indicates the number of bits of l-byte display data 


to be displayed. 


There are three Hp values. 


Tipfoa[ooifoso[ 
Ts [if o[ 1 | worisontal character pitch 6 
Pht | 


(3) Set number of characters 


Tinsensecion ve | 0 [2] e]olofo]o][>]o_ 


— po fo] oy (Hn - 1) binary 


Hn indicates the number of horizontal characters in the character mode 










or the number of horizontal bytes in the graphic mode. If the sum total 


of horizontal dots on the screen is taken as n, 
n = Hp x Hn 


Hn can be set with an even number of 2 to 128 (decimal). 


(4) Set number of time division (inverse of display duty ratio) 


aT 


| Number-of-time shares | 
So reg. a 





Nx indicates the number of time eivesron in multiplex display. 
T/NE is a | display duty ratio. 


A value of 1 to 128 (decimal) can be set to Nx. 
(5) Set cursor position 7 | ee | :  . 
“uegtster [ww] 05 | per] pp6] ves] ons] ona | vez [nmr [00] 


: Cursor position | 0 po (Cp - 1) binary | 
reg. > | | | | 





Cp indicates the position in a character where the cursor is displayed 
in the character mode. For example, in 5x7 dot font, the cursor is | 
displayed under a character by épecityine Cp=8 (decimal). The cursor 
horizontal length is equal to the horizontal character pitch Hp. A. 
value of 1 to 16 (decimal) can be set to Cp. If a smaller value than 
the number of vertical character pitches Vp is set (Cp <Vp), and a 
character is overlapped with the cursor, the cursor has higher priority 
of display (at cursor display ON). If Cp is greater than Vp, no cursor 


is displayed. The cursor horizontal length is equal to Hp. 


(6) Set display start-low order address 


[Hesmction ves [0 
| “Display Start address po 





DB / DB6 DBS | DB4| DB3] DB2{ DB1 | DBO 












reg. (low order byte) 


0 (Start low order address) binary | 


(7) Set display start high order address 








. Mesias start address. 
Leahy ee order, byke)! 


a mee as &. 


putoTe fotolia] ofo]o 


nite, 


These instructions cause display start addresses to be written in the 
display start address registers. The display start address indicates a 
RAM address at which the data displayed at the top left end on the screen 
is stored. In the graphic mode, the start address is composed of high/ 


low order 16 bits. In the character display, it is composed of the lower 


ee | bits of: high order addréss and 8 bits of now order address. The upper 


ye bits of high order address are ignored. 


(8) Set cursor address (low order) (RAM write low order address) 


(9) 


(10) 


ae I 
ee CM 


eens fot fof eb e 


Cursor address counter 
(high order byte) 





Instruction reg. 







ses alan cue po fol (Cursor low order address) binary 


Set cursor address (high order) (RAM write high order address) 





rt fa 


i 


Peres. 


(Cursor high order address) binary 








These instructions cause cursor addresses to be written in the cursor 
address counters. The cursor address indicates an address for sending 
or receiving display data and character codes to or from the RAM. 

In the character mode, the cursor is displayed at the digit specified 


by the cursor address. 


Write display data 








repepefepe] ape pe ye 


vy MSB (pattern data, character code) LSB 





After the code $'0C'’ is written into the instruction register with RS=1, 
8 bit data with RS=0 should be written into the data register. This 


data is transferred to the RAM specified by the cursor address. The 


cursor address is increased by 1 after this operation. 


(11) Read display data 





Data can be read from the RAM by writing code $'OD' into the instruction. 


register with RS=0. The read procedure is as follows: 








Curcsece | Cursoc Cucsoe [Cursor 


cneck |@ddress| low | check Jaddress /aign check tead | check ae 
sec ocder ‘set ecdes | - sode 
aode weite eode address 
address weite 


data 
. read 


Cucsoe 
addrees 


Oaca 
oucteuc 
cegqistec 





This instruction outputs the contents of data output register on Data 
Bus (DBO to DB7) and then transfers RAM data specified byz cursor 
address to the data output register, also increasing the@rsor address 
by l. After setting the cursor address, correct data iswe output at 
the first read but at the second time. Thus, make one dmmy read when 


reading data after setting the cursor address. 


(12) Clear bit 


ieee [fof of of [ah 






Bit clear ECE: 





(13) Set bit 






Instruction reg. 


tye Re Bes ea” | eet tee 
Be te MM a splint 
—_—— ene — . 
at Bape TES hk TE 


REESE RPE STARE 
RECT foe SO ER th ee 





The Clear/Set Bit instruction sets i bit in a byte of display data RAM 
to 0 or l, respectively. The position of the bit in a byte is specified 
by Ng. After the execution of the instruction, the cursor address is 
automatically increased by 1. Np is a value of 1 to 8. Np=l and Ng 8 


indicates LSB and MSB, respectively. 


(14) Read busy flag 


[fegtacer [eve | a5 [var] 06] ons] one [ ona] on? | oma [ono 
17) 


When the read mode is set with RS=1, the busy flag is output to DB/7. : 









The busy flag is set to 1 during the execution of any of instructions. 
(1) to (13). After the execution, it is set to 0. The next instruction 
can be accepted. No instruction can be accepted when busy flag=}. 
Before executing an instruction or writing data, perform a busy flag — 
check to make sure the busy flag is 0. When data is written in the 
register (RS=1), no busy flag changes. Thus, no busy flag check is 
required just after the write operation into the instruction register 


with RS=l. 


The busy flag can be read without specifying any instruction register. 
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CIOTIOTINC 


CURA 
STA 


NX 
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is 


Wane 


Horizontal character | Lateral character pitch 
pitch | | 


Number of horizontal | Number of lateral characters per 
characters line (number of digits) in the 
character mode or number of bytes 
per line in the graphic mode. 


Vertical character Longitudinal character pitch 1 to 16 
pitch | dots 
Cursor position Line number On which the cursor l1tol6 — 
| can be displayed | line | 
Number of time Inverse of display duty ratio 1 to 128 
division lines _ 


Note: If the number of vertical dots on screen is taken as m, and the 
number of horizontal dots as n, 













V 


P 
Cp 





1/m = 1/Nx = display duty ratio | : 
n = Hp xX Hn, m/Vp = No. of display lines 
Cp < Vp | | 











Display data 


Display mode 
from MPU 









Liquid crystal 
display panel 
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Character code 
(8 bits) 


Character 
dispaly 








6, 7 or 8 dots 


awww @ wee 
ow @ @ @ ww ww 
ewe @w @ ewe | 
oaeveaeneeew 
egew=wqaqe«ae @ 
eeoee @ @ @ ww 

emo @ @ ee @@ 

Raden 


Hp 






Graphic Display pattern 


(8 bits) 






Start 
address 


apow Aetdsig @ 


@ Internal Character Generator Patterns and Character Codes 


* 33000000 





XxxXX1001 
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9080086800800 
000808686 on 
800006686 ce 
0260888606 vce 












HO 6800 HD 61830 
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Ao RAM (2) 
HM 6116 
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HM6116 





LCD Module 
LM— 200 


+5V 
GNO 
-~5V 
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16K bits 
CMOS 
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oo 
[Power supply ‘or 
GNO ' Liquid crystal 
display drive 
Voo( SV) 
Vee (- SV) 
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MEXAMPLE OF CONFIGURATION 


@Graphic Mode 










Liquid crystal 
display module 


MO, ww 7 MA, ~ it 





driver LSI only for static drive and has 


HD61602/HD61603 
(SEGMENT TYPE LCD DRIVER) 


The HD61602 and the HD61603 are liquid crystal display driver LSIs with TTL 
and CMOS compatible interface. Each of the LSis can be connected to various 


microcomputers such as the HMCS6800 series. 


The HD61602 incorporates the power supply 
circuit for liquid crystal display driver. 
By the software-controkled liquid crystal 
driving method, several types of liquid 
_ crystals can be connected according to 


the applications. 


The HD64603 is.a liquid crystal display 


(FP-80) 





64 segment outputs that can display 8 


digits per chip. 


M FEATURES 


@ Wide-range operating voltage 
Operates in a wide range of supply voltage 2.2V to 5.5V. 
Compatible with TTL interface at 4.5V to 5.5V. 


@ Low current consumption | 
Can drive from a battery power supply (l00yA max. on 5V). 


Standby input enables a standby operation at lower current consumption 


(SuyA max. on 5V) . 


@ Internal power supply circuit for liquid crystal display driver (HD61602). 
Internal power supply circuit for liquid crystal display driver facili- 


tates the connection to a microcomputer system. 


@ Versatile segment driving capacity 


Display 
ae 













HD61602 


1/4 duty 8 segments x 25 digits + 4 marks 


Static 















| HD61603 


-|8 segments x 8 digits. . It. 


M PIN ARRANGEMENT (TOP VIEW) 
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Common output 
(4 lines) 


Segment output 
(51 lines) 


@ HD61603 







LCD driving 
































timing 
READY] generator Common 
od ee ees output 
~~ WerQ-] Data RAM write | 
Sf controller | timing 
yl generator 
Parallel/serial} 
055 converter Segment 
output 
(64 lines) 






Address 
decoder 





Mode 
setting 
latch 
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W ABSOLUTE MAXIMUM RATINGS 





* Value referred to Vpp=OV. 


Note: If LSIs are used abové absolute maximum ratings, they may be permanently 
destroyed. Using them within electrical characteristics limits is 
strongly recommended for normal operation. Use beyond these conditions 
will cause malfunction and poor reliability. 


M RECOMMENDED OPERATING CONDITIONS 


ee symbol 
Min. Unit 


| Max. 


| Operating temperature | Topr -20 


WM ELECTRICAL CHARACTERISTICS 


@DC Characteristics (1) 
(Vss=0V, Vpp=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 


oie oa A 





ee : Aig 


Item . ———*| Symbol |Test condition ‘Uni 
| | Min. [Typ| Max. | 
-Joscl | Von fo | 0.8vpp] - | von | v 


Input "Low" voltage peek VILl | o | - | 0.2Vpp;} VV 
: Others =F 


v2 | TO 08 
Output: leakage | 
lenrrent__|READ® vorvp | = t= 5 |v 
“Output “Low” voltage . 


To,=0. 4mA 


Input "High" voltage 





Tou 
VoL 








Input leakage current Itp Vin=OVVpp 


nn vortage COMOVCOM3 Vdl 7 tid=3uA icc ben con} aa 


| Ipp During display 


~ Ipp | 


fa 
S 
re 





Power supply current 
| aso At standby 





, 





* Except the transfer operation of display data and bit data. 


@DC Characteristics (2) 


. (Vgs=0V, Vpp=2-2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted) 


| nf Limit [a 
Input "High" voltage | 7 0. 8Vpp| -|Vpp | V | 


i ft INO 
< 
ow 
__|s 


| | Via 
VIL 
READY 





current 
Output "Low" voltage {READY 


Input leakage current Ir VIN=0Wss -1.0 | - | 1.0 yA 


— 

< 
5 
o 


Ton 

VOL 

L 

LCD driver voltage COMOVUCOM3 Vdl 
drop | 

| | d2 

Iss 

Iss 





During display 


At standby - - 


SEGOXSEGSO| Vv 


Power supply current 


* Except the transfer operation of display data and bit data. 


tId=3uA for each COM ~ - 0.3 V 


wm 
i 
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-@AC Characteristics (1) 


(Vss=OV, Vpp=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted) 


| It 1 i 
anelehencnancti ~ 


OSGEE ABE Ton PEC ANEDCY ox 


External clock frequency | OSC1 
External clock duty OSC1l Duty | 





| tpt | Fig. 5 — [= | = [600 | ns | 
ten 
For display Pe = 
For bit and mode | i 
t 
| Sot [oes taceter | = 88 
Input signal rise time : : | 


~ @AC Characteristics (2) 


(Vss=OV, Vpp=2.2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted) 


Limit 
[Oseiiiation frequency [08C2_| fose | Rose=330@ | -_ 


Te fd 
ee eo 
ae 


~~ 


I/O signal timing 


ric l/lclicicic x | a Ss 
Min lnlonln{ als); aya pate 
N ]N ct 


N 
© 


a 
??) 


CEN 


For display 
data transfer 10. 


Cs 

CH 

CWL 

CDL 

CWR 

For bit and mode 
t 
data transfer 3.5 
tr, Cf 


am 
2 
a 
a 
Fig 6 | - | - 
Le 
=a 
=f toe 


Input signal rise time | 
Vand Vall eime guts suis stestil Ug nl eee, on .hutiee, oF tetmg aca 





Vin Vin 
WE Vie Vie 
twe 
| Vin Vin wee 
| ts ty | 
Fig. 1 Write Timing 
* (RE is fixed on "High" level, and i on “Low” a 





Vi | Vin 
ia Viv | Vie 
twa : tor 
Vou 
READY Vou 
r tor 
Fig. 2 Reset/Read Timing 
(CS and SYNC are fixed on "Low" level) 
WE Vin 
Vie 
tor . ten — 
READY | Vou 


Vor 


tops. tor2 


Fig. 3 READY Timing 
(When the READY output is always available) 





Fig. 4 SYNC Timing 


Measurement 
terminal 
(READY) 





1$2074@ 
Vss 


Fig. 5 Bus Timing Load Circuit 
(LS-TTL Load) 





470k Q 
Measurement 
terminal 
(READY) ane 
in 
Vss 


Fig. 6 Bus Timing Load Circuit 
(CMOS Load) 


M@ TERMINAL FUNCTIONS 


@HD61602 Terminal Functions 








ae aes Input/output a _ ee “ 
Power supply @® -side power supply | 
1 |NMOS open MCU During setting data in the display | 






data RAM and mode setting latch in 
the LSI after data transfer, "Low" 
is output to the READY terminal to 
inhibit the next data input. There 
are two types of modes: one in 
which "Low" is output only when both} 
of CS and RE are "Low", and the 
{other,in which ''Low" is output 


aes 


regarasess of Co ond OS. 


drain output 


















Chip select input. Data can be 
written only when this terminal is | 
1"Low".  - 
















Write enable input. Input data of 
DO to D7 is latched at the rising 
edge of WE. 










Resets the input data byte counter. 
After both of CS and RE are "Low", 
‘the first data is recognized as the 
lst byte data. 











"High" level input steps the LSI 
operations. 





(i) Stops oscillation and clock 
input. 

(ii) Stops LCD driver. 

(i{ii) Stops writing data into dis- 

play RAM. 












Data input terminal from where 8-—bit] 
x 2—-byte data are input. 







External | Reférence ‘voltage output. LCD driv-| 
ing voltage is generated by this 
voltage. 


2) 


Divides the reference voltage of 
| VREF] with external R to determine 
| LCD driving voltage. Vpgp2*V1 


Terminal No. og a 


ouenar External Connection terminals for boosting C 
| _.. | of LCD driving voltage generator. 
"oe external. C is connected between 


















Output 
(Input) 





An external C is connected to each 
terminal. 







LCD common (backplate) driving 
outpul. 


LCD segment driving output. 


one suaus input for 2 or more 
chips application. LCD driver 
poo oe timing-circuit is reset by "High"- 
input. LCD is off. 





















Extermak | Attaches external R to these termi- 
nals for oscillation. An external 
clock (100kHz) can be input from > 
OSCl. | 


OSCl Input 
OSC2 Output 







Note: Logic polarity is positive. '"l"="H"=active. 


@®HD61603 Terminal Functions 


Terminal |No. of/ Input/output | en Paceiian 
name lines 
vp fk Power supply [Te @ -side power supply 


READY 1 |NMOS open | During setting data in the display 
drain re a data RAM and mode setting latch in 

the LSI after data transfer, "Low" 
is output to the READY terminal to 
inhibit the next data input. There 
are two types of modes: one in 
which "Low" is output only when both 
of CS and RE are "Low", and the 
other in which "Low" is output _ 
regardless of CS and RE. | 

al 

MCU 





1 Input Chip select input. Data can be 


written only when this terminal is 
"Low". | 





Write enable input. Input data of 
DO to D3 is latched at the rising 
7 edge of WE. 


WE 1 Input 








Function 


‘Reset the input data byte counter. 
After both of CS and RE are "Low", 


the first data is wae eee as the 
a. .. "ea. data. oe r 





:| 


, . woes a 





at, ; c 
fatits «cepbe Sots y 3 ik Sao . fot ee BB 
SAE PRE Oe, Soe 9S ce ae an ta b aclee RE oaRN I rok ben, ltl MES Bae oe EE 


"High" level ise alanis the LSI 
operations. 


(i) Stops oscillation and clock 
input. 
(ii) Stops LCD driver. 
(iii) Stops writing data into dis-_ 
play RAM. 


DOVD3 Input Data input terminal from where 4-bit 
x4 data are input. | 
aa ete amma ith are at ) 
COMO Pueour {Lep common (backplate) driving 
output. 
a LCD segment driving output. segment LCD segment driving output. output. 


Synchronous input for 2 or more 
OSCl peace External 
OSC2 Output 


chips application. LCD driver 
Note: beets seiac cy is positive. omy ="! active. 


Power supply input for LCD drive. 
Voltage between Vpp and V3 is used 


as driving voltage. 














timing circuit is reset by "High" 
input. LCD is off. 









Attaches external R to these termi- 
als for oscillation. An external 
clock (100kHz) can be input from 
OSCl. 












M DISPLAY RAM 


< HD61602 Display RAM > 


The HD61602 has an internal display RAM shown in Fig. 7. Display data is 
stored in ue RAM, or is read according to gne LCD driving timing to display 


“onthe. Lop, one. ‘pit ‘of. the RAM corresponds» ‘to the 1 segment of LCD. Note 
that some bits of the RAM cannot be displayed depending on LCD driving mode. 


Common address 
(COMOVCOM3) - 


Display RAM 


4 bits 





51 bits 


- Segment address (SEGo SEG »sp ) 
Fig. 7 Display RAM 


@ Reading Data from Display RAM 


A display RAM segment address corresponds to a segment output. The data at 


segment address SEGn is output to segment output SEGn terminal. 


A common address corresponds to the output timings of a common output and a 
segment output. The same common address data is simultaneously read. The 
data of display RAM is reproduced on the LCD panel. 

When a 7-segment type LCD driver is connected, for example, the correspondence 


between the display RAM and the display pattern in each mode is as follows: 


(1) Static drive 


In the static drive, only the column of COMO of display RAM is output. 


COM1 to COM3 are not displayed. 


Display RAM 


LCD connection 





SEGg SEGg SEG 19 SEG1; SEGi2 SEG13 SEGy4 SEGi5 


~SEGg 


“(2) 1/2 duty drive 


LCD connection 
Z | 





<. “ 
O Oo 
us tJ 
“”) Y) 


In the 1/2 duty drive, the columns of COMO and COM1 of display RAM are 


output in time sharing. The columns of COM2 and COM3 are not displayed. 


(3) 1/3 duty drive 
LCD connection Display RAM 





(4) 


in the 1/3 duty drive, the columns of COMO to COM2 are output in time 


sharing. No column of COM3 is displayed. 


1/4 duty drive 


LCD connection 





ping ” 
o) oO 
uu uJ 
W ” 


In the 1/4 duty drive, all the columns 


e@Writing Data into Display RAM 


Data is written into the display RAM in the 


(1) 


(2) 


(3) 


(4) 


(5) 


Bit manipulation 


Data is written into any bit of RAM on 


Static display mode 
8-bit data is written on a digit basis 


LCD pattern of static drive. 


1/2 duty display mode 
8-bit data is written on a digit basis 


LCD pattern of 1/2 duty drive. 


1/3 duty display mode 
8-bit data is written on a digit basis 


LCD pattern of 1/3 duty drive. 


1/4 duty display mode 
8-bit data is written on a digit basis 


LCD pattern of 1/4 duty drive. 


Display RAM 





SEG, SEG, SEG, 


of COMO to COM3 are displayed. 


following five methods: 


a bit basis. 


according to the /7-segment type 


according to the /7-segment type 


according to the 7-segment type 


according to the 7-segment type 


The RAM area and the allocation of the segment data for l-digit display 


depend on the driving methods as described in the selection of "Reading Data 


from Display RAM". 


8-bit data is written on a digit basis corresponding to the above duty 

driving methods. The digits are allocated as shown Fig. 8 (allocation of 
digit). As the data can be transferred on a digit basis from a microcomputer, 
transfer efficiency is improved by allocating the LCD pattern according to 


the allocation of each bit data of the digit in the data RAM. 


+ Fig. 8 shows the digit aducess ~ 


of the transferred 8-bit data on a digit basis. 


Fig. 9 shows the correspondence between each segment in an Adn and the 8-bit 


input data. 





When data is transferred on a digit basis, 8-bit display data and digit 


address should be specified as described above. 





(1) Static (2) 1/2 duty (3) 1/3 duty (4) 1/4 duty 
| display _ display display 
COM> COM, COM; COM, COM, COM, COM,>COM,.COM,COM, =~ COMoC.OM,.COM,COM; 
SEG} | / 4 SEGo oe VA 
SEG, SEG, A 
SEG, SEG, — | 
sec, | | SEG; Z 
SEG, | ado SEG, i 
SEG; SEGs 
SEG.  SEGs 
SEG, SEG, Z 
SEGe SEGe ¢ 
SEG, SEG, g 
SEGi0 SEGio J 
SEG), SEGi1 J 
SEGi3 SEGi2 J 
SEG13} | — SEGia. C, 
SEG SEG ¢ 
SEGis SEGis Z 
SEGi6 SEGig é 
SEG,7]Ad2 SEG:> Z 
Ad4 
SEGie SEGie | 








CN 





| § | | 
aSEGso Ad6 SEGso Ad16 


fie .@ ALlacstdan. af. Madt JYUN61AQ2) | 


(1) Static display (2) 1/2 duty display (3) 1/3 duty display 





COM, COM> COM, COM, COM; COM, 
SEG. | 7 
SEGan+2 
SEGane3 
SEGen+4 ieeeene 

(4) 1/4 duty display 

Pease COMoCOM;,COM,COM3 
SEGan+e SEG2, ..}- = 
SEGES. ~SEGane1 





Fig. 9 Bit Assignment in an Adn (HD61602) 


Seeman 


In the bit manipulation, any one bit of display RAM can be written. When 
data is transferred on a bit basis, l-bit display data, a segment address 


(6 bits) and a common address (2 bits) should be specified. 


< HD61603 Display RAM > 


The HD61603 has an internal display RAM as shown in Fig. 10. Display data 


is stored in the RAM and output to the segment output terminal. 


l bit | 
(COMO) { Display RAM 
VV — 
64 bits 


Segment address 
Fig. 10 Display RAM (HD61603) 


® Reading Data from Display RAM 


Each bit of the display RAM corresponds to each LCD segment. The data at 
segment address SEGn is output to segment output SEGn terminal. Fig. 1l 


shows an example of the correspondence between the display RAM bit and the 


ete Qe eg 


LCD connection 


Display RAM | 


SEGg SEGg SEGi9 SEGs, SEG12 SEG13 SEG), SEGis5 SEGi6 





Fig. 11 Example of Correspondence between Display RAM Bit 
and Display Pattern (HD61603) 


@Writing Data into Display RAM 
Data is written into the display RAM in the following two methods: 


(1) Bit manipulation 


Data is written into any bit of RAM on a bit basis. 


(2) Static display mode | 
8-bit data is written on a digit basis according to the 7-segment type 
LCD pattern of static drive. | 


The 8-bit data is written on a digit basis into the digit address (displayed 
as Adn) shown in Fig. 12. When data is transferred from a microcomputer, 
four 4 bit data are needed to specify the digit address and an 8-bit display 
data. Fig. 13 shows the correspondence between each segment in an Adn and 


the transferred 8—-bit data. 








Fig. 13 Bit Assignment in an Adn 
(HD61603) : 


Fig. 12 Allocation of Digit 
(HD61603) 


In the bit manipulation, any one bit of display RAM can be written. When 
data is transferred on a bit basis, l-bit display data and a segment address 


(6 bits) should be specified. 


MH Operating Modes 
< HD61602 Operating Modes > 


The HD61602 has the following operating modes: 


(1) LCD drive mode 
Determines the LCD driving method. 


(a) Static drive mode 


LCD is driven stattcal ts 


(b) 1/2 duty drive mode 
LCD is driven at 1/2 duty and 1/2 bias. 


(c) 1/3 duty drive mode 
LCD is driven at 1/3 duty and 1/3 bias. 


_ (d) 1/4 duty drive mode © 
LCD is driven at 1/4 ° 


ma 


Buen “8 oe a 


(2) Data display mode 
Determines how to write display data into the data RAM. 


(a) Static display mode 
8-bit data is written into the display RAM according to the digit 


eye 


in the static drive. 


(b) 1/2 duty display mode | | 
 8-bit data is written into the display RAM according to the digit 
in the 1/2 duty drive. 


(c) 1/3 duty display mode © | 
8-bit data is written into the display RAM according to the digit 
in the 1/3 duty drive. | | 

(d) 1/4 duty display mode 
8-bit data is written into the display RAM according to the digit 


taal 


in the 1/4 duty display drive. 


(3) READY output mode 


Determines the READY output timing. 

After data set is transferred, the data is processed internally. The 
next data cannot be acknowledged during the processing period. The 
READY output reports the period to the MPU. The timing when the READY 


is output can be selected from the following two modes: 


(a) READY is always available. 


cs / \ 


WE \__/ NS » ff 
READY \ / : 


Data transfer Input inhibi Next datz 
period ‘period | 


¢ 
t 

nite anise ll lilacs 
! transfe1 


(b) READY is available by CS and RE. 


| 


= 
ea 8 8 @ @ =e @ @ @e eee @® 





eo 2 @ @ 





RE. - 


READY \ / \ / 


Data transfer Input inhibit 
period period 





'Next data 
‘ transfer 


(4) LCD OFF mode i 


In this mode, the HD61602 stops driving LCD and turns it off. 


(5) External driving voltage mode 


A mode for using external driving voltage (Vl, V2 and V3). 


The above 5 modes are specified by mode setting data. The modes are in- 
dependent of each other and can be used in any combination. The bit manipu- 


lation is independent of data display mode and can be used regardless of it. 


< H061603 Operating Modes > 


The HD61603 has the following modes: 


(1) READY output mode 


Determines READY output timing. 

After data set is transferred, the data is processed internally. 

The next data cannot be acknowledged during the processing period. 

The READY output reports the period to the MPU. The timing when READY 


is output can be selected from the following two modes: 


(a) READY is always available. 


eT ee 


‘ 


Data transfer Input inhibit 
period period 


' Next data 
transfer 


t 


(b) READY is available by CS and RE. 












READY — os ; \ J NS} 
Data transfer Input inhibit 
period period 





peter 
Next data 
transfer 


(2) LCD OFF mode 


In this mode, the HD61603 stops driving LCD and turns it off. 


B_INPUT DATA FORMATS 


HD61602 ‘Input Data Formats 


Input data is composed of 8 bitsx2. Input them as 2-byte data after READY 
output is changed from "Low" to "High" or "Low" pulse is entered into RE | 


terminal. 


(1) Display data (Updates display on an 8-segment basis.) 


Ist byte oo 2nd byte 
Display address 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O 


(i) Display address: Digit address Adn in accordance with each display 
mode. 
(ii) Display data : Pattern data that is written into the display RAM 


according to each display mode and the address. 


(2) Bit manipulation data (Updates display on a segment basis.) 


lst byte 2nd byte | 
Display) x x x COM x x SEG address , 
dace address 

7 6 5 4 3 2 1 O 7 6 5 4 3 2 1 O 


(i) Display data : Data that is written into l bit of the specified 
display RAM. 
(ii) COM address: Common address of display RAM. 





(iii) SEG address 


(3) Mode setting data 


txcaraal 
lst byte sorely 
vfotxfo] READY | Orive mode 
bic | bits | 
Ger ge ag gg ge 
(i) Display node bits : 00; 
Ol; 
10; 
a 
(ii) OFF/ON bit > 2; 
0; 
(iii) Drive mode bits : 00; 
01; 
10; 
p 
(iv) READY bit 0; 
3 
(v) External power : 0; 
supply bit “|; 


(4) 


l-byte instruction 


Ist byte 


7 
The first data (first byte) is 


byte are "1". 


< HD61603 Input Data Formats > 


Input data is composed of 4 bits x4. 


READY output is changed from "Low" t 


RE terminal. 


Segment address of display RAM. 


2nd byte 


| OFF/C Display 
Heats 
7 6 5 4 3 | 2 1 O- 





Static display mode 


1/2 duty display mode 

1/3 duty display mode 

1/4 duty display mode 

LCD OFF ("1" is set when S¥NC is entered.) 
LCD ON 7 

Static drive 

1/2 duty drive 

1/3 duty drive 

1/4 duty drive 

READY outputs ''0" only while.CS and RE is 
"Oo", ("O" is reset when SYNC is entered.) 
READY outputs "0" regardless of CS and RE. 
Driving voltage is generated internally. 


Driving voltage is supplied from external. 
(""1"--is set when SYNC is entered.) 


fafa f ef fefx pepe 
6 5 4 3 2 1 0 


ignored when the bit 6 and bit 7 in the 


Input them as four 4 bit data after 


o "High" or "Low" pulse is entered into 


(1) Display data (Updates display on an 8-segment basis.) 










Ist byte 2nd byte 4rd byte 4th byte 













Display address . . 
(tre t widtess. r 


Display. eae 


Nae 4. 
ey. “he <a ae bac : 


ge dat | 





Bey ene” yombeaigtaetlh oo 


a3 
& 


(i) Display address: Digit address Adn shown in Fig. 12. 
(ii) Display data .: Pattern data that is written into the display RAM 


as shown in Fig. 13. 


(2) Bit manipulation data (Updates display on a segment basis.) 


lst byte Pe fee 3rd byte 4th byte 
po 1 “eon a on ee paeSeS address | oe aad 
is Ea ten 4 econ wet 


(i) Display data : Data that is written into the 1 bit of the 
specified display RAM. 


(ii) SEG address : Segment address of display RAM (segment output). 


(3) Mode setting data 


oh ACN a EEN INS 


lst byte 2nd byte 3rd byte. 4th byte 
eed qe] E Reb bee] Ee Bede te 
3 2 #34 4@O 3 2 #J4J QO 3 2 13 OQ 3 2 

(i) OFF/ON bit. : 1; LCD OFF ("1" is set when SYNC is entered.) 


0; LCD ON 
(ii) READY bit : 0; READY outputs ''0" only while CS and RE are "0". 
("O" is reset when SYNC is entered). 
1; READY outputs "O" regardless of CS and RE. 


(4) l-byte instruction 


Ist byte 


The first data (4 bits) is ignored when the bit 3 and 2 in the data. 
are "1". 


BH HOW TO INPUT DATA 


< How to Input HD61602 Data > 


Input data is composed of 8 bitsx2. Take care that the data transfer is 
not interrupted. Because the first 8-bit data is distinguished from the 


second one depending on: the sequence only. 


4 ; 


lf data transfer is interrupted or at the power ON the following two methods 
can be used to reset the count of the number of bytes (count of the first 


and second bytes}: 
(1) Set CS and RE inputs in "Low" (no display data changes). 


(2) Input 2 or more "l-byte instruction data" which bit 7 and 6 are "1" 


(display data may change). 


The data input method via data input terminals (CS, WE, DO to D7) is similar 
to that of static RAM such as HM6116. An access of the LSI can be made through 


Same bus line as ROM and RAM. When output ports of a microcomputer are used 


for an access, refer to the timing specifications and Fig. 14. 


Power ON 
{ 





ee nee aR ee CD ED GD Gn 
Mode setting daca Display data 
data 


*1: READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: OSC2 clock). 


*2: "High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 


*3: In the mode in which READY is always available, READY output is in- 
definite while "High" is being applied to SYNC. . 


*4:; Reset the byte counter after power ON. 


*5: READY output period is within 4.5 clocks in the mode setting operation 
and bit manipulation or within 11.5 clocks when the display data (8 bits) 
is updated. | 


*6: Connect a proper pull-up resistor if WE or RE may be floating. 


| Seta ey Ms A A ee ste Bees $i OE Oe ee RS Sc? re 


< How to Input HD61603 Data > 


Input data is composed of 4 bitsx4. Take care that data transfer is not 
interrupted. Because the first 4-bit data to the fourth a OEe data are 


distinguished from each other cePencsne on the sequence only. 


lf data ameter tks Siemienseed or at the Power ON, the following two methods 
can be used to reset the count of the n° .c of data (count of the first 4 


bit data to the fourth 4-—bit data): 
(1) Set CS and RE in "Low". 


(2) Input 4 or more "l-byte instruction" data (4-bit data) which bit 3 and 2 


e "1" (display data may change). 


The data input method via data input terminals (CS, WE, DO to D3) is similar 

to that of static RAM such as HM6116. An access of the LSI can be made 

“hrough the same bus line as ROM and RAM. When output ports of a micro- 
computer are used for an access, refer to the timing specifications and’. 


Fig. 15. 





Mode setting data Display data 


*1; READY output is indefinite during 12 clocks after the oscillation start 
when power ON (clock: OSC2 clock). 


*2; “High" pulse should be applied to SYNC terminal when using two or more 
chips synchronously. | 


*3: In the mode in which READY is always available, READY output is in- 
definite while "High" is being applied to SYNC. 


*4:; Reset the 4-bit data counter after power ON. 


*5: READY output period is within 4.5 clocks in the mode setting operation 
and bit manipulation or within 11.5 clocks when the display data (8 bits) 
is updated. 


*6 Connect a proper pull-up resistor if WE or RE may be floating. 


HM STANOBY OPERATION 


Standby operation with low power consumption can be activated when terminal 
SB is used. Normal operation of the LSI is activated terminal SB is "Low" 
level and the LSI goes into the standby state when terminal SB is "High" 
level. The standby state of the LSI is as follows: 


(a) LCD driver is stopped and no driving voltage is generated (LCD are off). 
(b) Display data and operating mode are held. 


(c) The operation (in which READ¥ is outputting “Low") during display change 
is suspended. In this case, READY outputs "High" within 10.5 clocks or 


4.5 clocks after rekease from the standby mode. 
(d) Oscillation is stopped. 


When this mode is not used, connect terminal SB to Vcc. 


M MULTI-CHIP OPERATION 


When a LCD is driven with two or more chips, the driving timing of LCD musc 
be synchronized. —In this case, the chips are synchronized with each other 
by using SYNC input. If SYNC input is-"High", the LCD driver timing circuit 


is reset. Apply "High" pulse to the SYNC input after the operating mode is 


sect. 


A "High" pulse to the SYNC input causes the change of the mode setting data 
(The OFF/ON bit is set and the READY bit is reset. See (3) mode setting data 


in "Input Data Formats".). Transfer the mode setting data into the LSI after 


every SYNC operation. 


If a Power ON RESET signal is applied to the SYNC terminal, the LCD can be 


off-state when the Power is turned on. 


When SYNC input is not used, connect terminal SYNC to Vss. 


M LIQUED CRYSTAL DISPLAY DRIVING VOLTAGE GENERATION CIRCUFT (HD61602) 


@When Internal Driving Voltage is Used 


‘As shown in Fig. 16, attach capacitances 
Cl to C4 for boosting circuit and a half- 


xed resistor Rl for setting LCD driving 


voltage. 


required LCD driving voltage. 


Adjust Rl according to the 


+ side . : , Vo. 
power supply | Vss_ 


= 
7 
LCN 6 SEG, 
_— 
SEG, 


Rl =1MQ half-fixed resistor 
Cl =0.3uF C2-C4 =0.3uF 


Fig. 16 An Example when Internal 
Driving Voltage is Used 


@When External Driving Power Supply is Used 


As shown in Fig. 17, the LCD driving voltage is supplied by an external 


power supply with external resistors and capacitors. 
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Fig. 17 An Example when Externa 


MH LIQUID CRYSTAL DISPLAY DRIVING VOLTAGE (HD61603) 


As shown in Fig. 18, apply LCD driving voltage from the external power supply. 


+side power 
supply 


Note: 
When standby mode is used, 
a transistor is required. 


SB 





Fig. 18 Example of Driving Voltage Generator 


M OSCILLATION CIRCUIT 


@When Internal Oscillator Circuit is Used 


When the internal oscillator circuit is used, attach an external resistor 


Rosc as shown in Fig. 19. 


Rosc 






80 


OSC, OSC, 





| Multi-chip operation 


Fig. 19 Example of Oscillator Circuit 


@eWhen External Clock is Used 


When an external clock of 100kHz with CMOS level is provided, terminal OSCl 


can be used for the input terminal. In this case, open terminal OSC2. 
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